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Piezoelectric/eiectrostrictive device and method of manufacturing same 



(57) A piozoelectric/electrostrictive device (10A) 
comprises a pair of mutually opposing thin plate sec- 
tions (16a, 16b), a movable section (20), and a fixation 
section (22) for supporting the thin plate sections (16a, 
16b) and the movable section (20); piezoelectric/elec- 
trostrictive elements (24a, 24b) arranged on a pair of 
thin plate sections (16a, 16b) respectively; and a hole 
(12) formed by both inner walls of the pair of thin plate 
sections (16a, 16b), an inner wall (20a) of the movable 
section (20), and an inner wall (22a) of the fixation sec- 
tion (22), wherein a through-hole (36) having a rectan- 
gular cross section is formed over a range from the for- 
ward end surface of the movable section (20) to the hole 
(1 2) to realize a light weight of the movable section (20). 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention; 

[0001] The present invention relates to a piezoelec- 
tric/electrostrictive device which is provided with a mov- 
able section to be operated on the basis of a displace- 
ment action of a piezoeiectric/eiectrostrictive element, 
or a piezoeiectric/eiectrostrictive device which is capa- 
ble of detecting displacement of a movable section by 
the aid of a piezoeiectric/eiectrostrictive element, and a 
method for producing the same. In particular, the 
present invention relates to a piezoeiecthc/eloctrosthc- 
tive device which is excellent in strength, shock resist- 
ance, and moisture resistance and which makes it pos- 
sible to efficiently operate a movable section to a great 
extent, and a method for producing the same. 

Description of the Related Art: 

[0002] Recently, a displacement element, which 
makes it possible to adjust the optical path length and 
the position in an order of submicron, is required, for 
example, in the fields of the optics, the magnetic record- 
ing, and the precision machining. Development is ad- 
vanced for the displacement element based on the use 
of the displacement brought about by the inverse piezo- 
electric effect or the clectrostrictive effect caused when 
a voltage is applied to a piezoeiectric/eiectrostrictive 
material (for example, a ferroelectric material). 
[0003] As shown in FIG. 44, for example, those hith- 
erto disclosed as such a displacement element include 
a piezoelectric actuator comprising a fixation section 
204, a movable section 206, and a beam section 208 
for supporting them which are formed in an integrated 
manner with a hole 202 provided through a plate- 
shaped member 200 composed of a piezoeiectric/eiec- 
trostrictive material and with an electrode layer 21 0 pro- 
vided on the beam section (see, for example, Japanese 
Laid-Open Patent Publication No. 10-136665). 
[0004] The piezoelectric actuator is operated such 
that when a voltage is applied to the electrode layer 210, 
the beam section 208 makes expansion and contraction « 
in a direction along a line obtained by connecting the 
fixation section 204 and the movable section 206 in ac- 
cordance with the inverse piezoelectric effect or the 
electrostrictive effect. Therefore, the movable section 
206 can perform circular arc-shaped displacement or ro- ; 
tational displacement in the plane of the plate-shaped 
member 200. 

[0005] On the other hand, Japanese Laid-Open Pat- 
ent Publication No. 63-64640 discloses a technique in 
relation to an actuator based on the use of a bimorph. 5 
in this technique, electrodes for the bimorph arc provid- 
ed in a divided manner. The actuator is driven due to the 
selection of the divided electrodes, and thus the highly 



accurate positioning is performed at a high speed. This 
patent document (especially in FIG. 4) discloses a struc- 
ture in which, for example, two bimorphs are used in an 
opposed manner 
5 [0006] However, the piezoelectric actuator described 
above involves such a problem that the amount of op- 
eration of the movable section is small, because the dis- 
placement in the direction of expansion and contraction 
of the piezoeiectric/eiectrostrictive material (i.e., in the 
io in-piane direction of the piate-shaped member) is trans- 
mitted to the movable section as it is. 
[0007] All of the parts of the piezoelectric actuator are 
made of the piezoeiectric/eiectrostrictive material which 
is a fragile material having a relatively heavy weight. 
'5 Therefore, the following problems arise. That is, the me- 
chanical strength is low, and the piezoelectric actuator 
is inferior in handling performance, shock resistance, 
and moisture resistance. Further, the piezoelectric ac- 
tuator itself is heavy, and its operation tends to be af- 
20 fected by harmful vibrations (for example, residual vi- 
bration and noise vibration during high speed opera- 
tion). 

[0008] In order to solve the problems described 
above, it has been suggested that the hole is filled with 
25 a filler material having flexibility. However, it is clear that 
the amount of displacement, which is brought about by 
the inverse piezoelectric effect or the electrostrictive ef- 
fect, is decreased even when the filler material is merely 
used. 

30 [0009] On the other hand, FIG. 4 in Japanese Laid- 
Open Patent Publication No. 63-64640 resides in the 
junction of a mediating member and a bimorph in which 
the mediating member is joined with the portion at which 
no divided electrode exists. The effect of the divided 

35 electrode cannot be utilized at the joined portion. That 
is, the junction is merely made at the bimorph portion 
which is not the displacement-generating section. A 
similar form is adopted for the junction of the head and 
the bimorph. 

[0010] As a result, the following structure is brought 
about. That is, the bending displacement of the bimorph 
is expressed toward the internal space between the me- 
diating member and the head. It is impossible to obtain 
the function to effectively displace the head itself with 

'5 respect to the external space. 

[0011] In many cases, the conventional devices of this 
type have such a structure that it is difficult to realize the 
high resonance frequency required for the high speed 
operation, or they have such a structure that it is impos- 

'o sible to increase the displacement of the movable sec- 
tion. Consequently, the following contradicting structure 
is obtained. That is, if it is intended to realize the high 
resonance frequency, the displacement amount of the 
movable section is sacrificed. On the other hand, if the 

5 displacement amount of the movable section is in- 
creased, it is impossible to achieve the realization ol the 
high resonance frequency. 



3 



EP 1 089 358 A2 



4 



SUMMARY OF THE INVENTION 

[0012] The present invention has been made taking 
the foregoing problems into consideration, an object of 
which is to provide a piezoeiectric/electrostrictive device 
and a method for producing the same which make it pos- 
sible to obtain a displacement element that is scarcely 
affected by harmful vibration concerning its operation 
and capable of high speed response with high mechan- 
ical strength while being excellent in handling perform- 
ance, shock resistance, and moisture resistance, in 
which the movable section can be greatly displaced, and 
it is possible to achieve a high speed of the displacement 
action of the movable section (realization of a high res- 
onance frequency), as well as a sensor element which 
makes it possible to accurately detect vibration of the 
movable section. 

[0013] According to the present invention, there is 
provided a'piezoelectric/electrostrictive device compris- 
ing a pair of mutually opposing thin plate sections, a 
movable section, and a fixation section for supporting 
the thin plate sections and the movable section; one or 
more piezoeiectric/electrostrictive elements arranged 
on at least one thin plate section of the pair of thin plate 
sections; and a hole formed by both inner walls of the 
pair of thin plate sections, an inner wall of the movable 
section , and an inner wall of the fixation section; wherein 
the movable section has a cutout. It is also preferable 
that the cutout includes a hollow section and/or a 
through-hole provided for the movable section. 
[001 4] Accordingly, the movable section is allowed to 
have a light weight owing to the presence of the cutout. 
Therefore, it is possible to increase the resonance fre- 
quency without decreasing the displacement amount of 
the movable section. Further, it is possible to appropri- 
ately decrease the rigidity of the movable section. 
Therefore, an advantage is obtained such that the dis- 
placement amount of the movable section can be in- 
creased. When the thin plate section, the movable sec- 
tion, and the fixation section are integrated into one unit, 
it is unnecessary to construct all parts with the piezoe- 
iectric/electrostrictive material which is a fragile material 
having a relatively heavy weight. Therefore, an advan- 
tage is obtained such that the mechanical strength is 
high while being excellent in handling performance, 
shock resistance, and moisture resistance, and the op- 
eration is scarcely affected by harmful vibration (for ex- 
ample, residual vibration and noise vibration during high 
speed operation). 

[001 5] According to another aspect of the present in- 
vention, there is provided a piezoeiectric/electrostrictive 
device comprising a pair of mutually opposing thin plate 
sections, a movable section, and a fixation section for 
supporting the thin plate sections and the movable sec- 
tion; one or more piezoeiectric/electrostrictive elements 
arranged on at least one thin plate section of the pair of 
thin plate sections; and a hole formed by both inner walls 
of the pair of thin plate sections, an inner wall of the mov- 



able section, and an inner wall of the fixation section; 
wherein a part of the inner wall of the movable section 
is expanded in the hole. 

[0016] Accordingly, for example, when a part is at- 

5 tached to the movable section/it is possible to increase 
the areal size of a part attachment surface of the mov- 
able section, without changing the maximum length of 
the piezoeiectric/electrostrictive device. Thus, it is pos- 
sible to improve the reliability concerning the attachment 

10 of the part. 

[0017] Further, the weight is increased, because the 
expanded section is provided. However, the expanded 
section is expanded toward the hole. Therefore, the 
center of gravity of the movable section can be located 

is at a position deviated toward the fixation section. Any 
influence is hardly exerted by the decrease in resonance 
frequency caused by the increase in weight. In this ar- 
rangement, the part is also attached at a position devi- 
ated toward the fixation section. Therefore, the reso- 

20 nance frequency is scarcely decreased after the part is 
attached. The displacement of the movable section is 
not decreased as well. That is, the device is designed 
such that the resonance frequency is substantially im- 
proved. 

25 [0018] In other words, according to the present inven- 
tion, the degree of the influence on the resonance fre- 
quency (decrease in resonance frequency), which 
would be otherwise enhanced when much weight is giv- 
en to the attachment of the part, can be decreased, while 

30 enlarging the areal size of the part attachment surface 
; of the movable section, and improving the reliability con- 
■ cerning the attachment of the part. 

[0019] In the present invention, it is also preferable 
that a cutout is provided for the movable section. Ac- 

35 cordingly, it is possible simultaneously realize the light 
weight of the movable section and the increase in dis- 
placement amount of the movable section. It is possible 
to simultaneously achieve the mutually contradicting 
"realization of the high resonance frequency" and the 

40 "increase in displacement". 

[0020] Further, it is also preferable that a part of the 
inner wall of the movable section is expanded to the 
hole. Accordingly, it is possible to realize the "reliability 
of the part attachment" in addition to the "realization of 

45 the high resonance frequency" and the "increase in dis- 
placement". 

[0021] In the invention described above, it is also pref- 
erable that the movable section is constructed to have 
a main movable section body and a portion which is pro- 

50 vided for at least one surface of the main movable sec- 
tion body and which has an areal size larger than that 
of the main movable section body. When the portion, 
which has the areal size larger than that of the main 
movable section body, is utilized to attach the part, then 

55 jt is possible to contemplate the reliability of the part at- 
tachment, and it is possible to enhance the reliability 
concerning the operation. 

("00221 In the invention described above, the movable 
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section, the fixation section, and the thin plate sections 
may be made of ceramics or metal. Alternatively, each 
of the components may be made of a ceramic material, 
or each of them may be made of a metal material. Fur- 
ther, each of the components may be constructed to 
have a hybrid structure obtained by combining those 
produced from materials of ceramics and metal. 
[0023] It is also preferable that the thin plate sections, 
the movable section, and the fixation section are com- 
posed of a ceramic substrate obtained by being integrat- 
ed into one unit by simultaneously sintering a ceramic 
green laminate and cutting off unnecessary portions. It 
is also preferable that the piezoelectric/electrostrictive 
clement has a film-shaped configuration, and it is inte- 
grated with the ceramic substrate by means of sintering. 
[0024] In this arrangement, the piezoelectric/electros- 
thctive element may be constructed to have a piezoe- 
loctric/Gloctrostrictive layer and a pair of electrodes 
formed on the piezoelectric/electrostrictive layer. Fur- 
ther, the piezoelectric/electrostrictive element may have 
a piezoelectric/electrostrictive layer and a pair of elec- 
trodes formed on both sides of the piezoelectric/elec- 
trostrictive layer, and one electrode or the pair of elec- 
trodes may be formed on at least the thin plate section. 
In this arrangement, the vibration caused by the piezo- 
electric/electrostrictive element can be efficiently trans- 
mitted to the movable section or the fixation section via 
the thin plate section. Accordingly, it is possible to im- 
prove the response performance. Especially, it is pref- 
erable that the piezoelectric/electrostrictive element is 
constructed in a stacked form comprising a plurality of 
the piezoelectric/electrostrictive layers and the elec- 
trodes. 

[0025] When the arrangement as described above is 
adopted, the following features are obtained. That is, the 
force generated by the piezoelectric/electrostrictive el- 
ement is increased. Accordingly, it is possible to obtain 
the large displacement. Further, owing to the increase 
in rigidity of the device itself, it is possible to realize the 
high resonance frequency, and it is easy to achieve the 
realization of the high speed of the displacement oper- 
ation. 

[0026] in the invention described above, it is also pref- 
erable that the hole is filled with a ge! material. In this 
arrangement, although the displacement action of the 
movable section is restricted due to the presence of the 
filler material in ordinary cases, the invention described 
above intends to reduce the weight as a result of the 
formation of the cutout for the movable section, and in- 
crease the displacement amount of the movable sec- 
tion. Therefore, the restriction of the displacement ac- 
tion of the movable section by the filler material is coun- 
teracted, and it is possible to realize the effect owing to 
the presence of the filler material, i.e., the realization of 
the high resonance frequency and the maintenance of 
the rigidity. 

[0027] According to still another aspect of the present 
invention, there is provided a method for producing a 
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piezoelectric/electrostrictive device comprising a pair of 
mutually opposing thin plate sections, a movable sec- 
lion, and a fixation section for supporting the thin plate 
sections and the movable section; one or more pieroe- 

5 lectric/electrostrictive elements arranged on at least one 
thin plate section of the pair of thin plate sections; and 
a hole formed by both inner walls of the pair of thin plate 
sections, an inner wall of the movable section, and an 
inner wall of the fixation section; the method comprising 

10 a step of forming the movabie section having a cutoui 
by cutting off a predetermined part after producing at 
least the piezoelectric/electrostrictive element on the 
thin plate section. 

[0028] In still another aspect, the present invention 
'5 preferably lies in a method comprising a step of produc- 
ing a ceramic laminate by integrally sintering a ceramic 
green laminate including at least a ceramic green sheet 
having a window for forming at least the hole thereafter 
and ceramic green sheets to be formed into the thin 
20 plate sections thereafter to produce the ceramic lami- 
nate; a step of forming the piezoelectric/electrostrictive 
element on an outer surface of a portion of the ceramic 
laminate to be formed into the thin plate section; and a 
cutoff step of forming the movable section having at 
25 feast a cutout by means of at least one time of cutoff 
treatment for the ceramic laminate formed with the pie- 
zoelectric/electrostrictive element. 
[0029] Accordingly, the movable section is allowed to 
have a light weight owing to the presence of the cutout. 
30 it is possible to efficiently and easily produce the piezo- 
electric/electrostrictive device which makes it possible 
to increase the resonance frequency without decreasing 
the displacement amount of the movable section. It is 
possible to realize mass production of the high perform- 
35 ance piezoelectric/electrostrictive device. 

[0030] The phrase "after producing the piezoelectric/ 
electrostrictive element" referred to herein indicates a 
state in which at least the piezoelectric/electrostrictive 
layer is formed. As for the electrode to be formed after 
40 the formation of the piezoelectric/electrostrictive layer, 
the electrode may be formed after performing the cutoff 
to form the movable section having the cutout. 
[0031 ] It is also, preferable that in the step of producing 
the ceramic laminate, the ceramic laminate is produced 
45 by integrally sintering a ceramic green laminate includ- 
ing a ceramic green sheet having a window for forming 
the movable section having at least the cutout, and the 
ceramic green sheets to be formed into the thin plate 
sections thereafter to produce the ceramic laminate; 
so and in the cutoff step, the movable section having at 
least the cutout is formed by means of the cutoff treat- 
ment for the ceramic laminate formed with the piezoe- 
lectric/electrostrictive element. 
[0032] It is also preferable that the cutout includes a 
55 hollow section and/or a through-hole provided for the 
movable section. 

[0033] According to stili another aspect of the present 
invention, there is provided a method for producing a 
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piszoelectric/electrostrictive device comprising a pair of 
mutually opposing thin plate sections, a movable sec- 
lion, and a fixation section for supporting the thin plate 
sections and the movable section; one or more piezoe- 
lectric/electrostrictive elements arranged on at least one 5 
thin plate section of the pair of thin plate sections; and 
a hole formed by both inner walls of the pair of thin plate 
sections, an inner wall of the movable section, and an 
inner wall of the fixation section; the method comprising 
a step of forming the movable section having an expand- *o 
ed section expanded in the hole by cutting off a prede- 
termined part after producing at least the piezoelectric/ 
electrostrictive element on the thin plate section. 
[0034] In still another aspect, the present invention 
preferably lies in a method comprising a step of produc- 
ing a ceramic laminate by integrally sintering a ceramic 
green laminate including at least a ceramic green sheet 
having a window for forming at least the hole thereafter 
and ceramic green sheets to be formed into the thin 
plate sections thereafter to produce the ceramic lami- 20 
nate; a step of forming the piezoelectric/electrostrictive 
element on an outer surface of a portion of the ceramic 
laminate to be formed into the thin plate section; and a 
cutoff step of forming the movable section having at 
least an expanded section expanded in the hole by & 
means of at least one time of cutoff treatment for the 
ceramic laminate formed with the piezoelectric/electros- 
trictive element. 

[0035] Accordingly, it is possible to efficiently and eas- 
ily produce the piezoelectric/electrostrictive device w 
which makes it possible to decrease the degree of the 
influence on the resonance frequency (decrease in res- 
onance frequency), while increasing the areal size of the 
part attachment surface of the movable section. 
[0036] It is also preferable that in the step of producing 35 
the ceramic laminate, the ceramic laminate is produced 
by integrally sintering a ceramic green laminate includ- 
ing a ceramic green sheet having a window for forming 
the movable section formed with at least the expanded 
section , and the ceramic green sheets to be formed into to 
the thin plate sections thereafter to produce the ceramic 
laminate; and in the cutoff step, the movable section 
having at least the expanded section is formed by 
means of the cutoff treatment for the ceramic laminate 
formed with the piezoelectric/electrostrictive element. 45 
[0037] It is also preferable for the production methods 
described above that in the cutoff step, the hole is si- 
multaneously exposed by means of the cutoff treatment 
for the ceramic laminate. In this process, the formation 
of the movable section having the cutout may be per- 50 
formed simultaneously with the formation of the hole. 
There is no limitation for the sequence to perform the 
formation steps. 

[0038] Therefore, the piezoelectric/electrostrictive 
device according to the present invention can be utilized 55 
as the active device including, for example, various 
transducers, various actuators, frequency region func- 
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oscillators, and discriminators for the communication 
and the power generation, as well as the sensor element 
for various sensors including, for example, ultrasonic 
sensors, acceleration sensors, angular velocity sen- 
sors, shock sensors, and mass sensors. Especially, the 
piezoelectric/electrostrictive device according to the 
present invention can be preferably utilized for various 
actuators to be used for the mechanism for adjusting the 
displacement and the positioning and for adjusting the 
angle for various precision parts such as those of optical 
instruments and precision mechanical equipments. 
[0039] The above and other objects, features, and ad- 
vantages of the present invention will become more ap- 
parent from the following description when taken in con- 
junction with the accompanying drawings in which a pre- 
ferred embodiment of the present invention is shown by 
way of illustrative example. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0040] 

FIG. 1 shows a perspective view illustrating an ar- 
rangement of a piezoelectric/electrostrictive device 
according to a first embodiment; 
FIG. 2 shows a perspective view illustrating an ar- 
rangement of a piezoelectric/electrostrictive device 
according to a first modified embodiment; 
FIG. 3 shows a perspective view illustrating an ar- 
rangement of a piezoelectric/electrostrictive device 
according to a second modified embodiment; 
FIG. 4 shows a perspective view illustrating an ar- 
rangement of a piezoelectric/electrostrictive device 
according to a third modified embodiment; 
FIG. 5 shows a perspective view illustrating an ar- 
rangement of a piezoelectric/electrostrictive device 
according to a fourth modified embodiment; 
FIG. 6 shows a perspective view illustrating an ar- 
rangement of a piezoelectric/electrostrictive device 
according to a fifth modified embodiment; 
FIG. 7 shows a perspective view illustrating an ar- 
rangement of a piezoelectric/electrostrictive device 
according to a sixth modified embodiment; 
FIG. 8 shows a perspective view illustrating an ar- 
rangement of a piezoeiectric/electrostrictive device 
according to a seventh modified embodiment; 
FIG. 9 shows a perspective view illustrating an ar- 
rangement of a piezoelectric/electrostrictive device 
according to an eighth modified embodiment; 
FIG. 1 0 shows a perspective view illustrating an ar- 
rangement of a piezoelectric/electrostrictive device 
according to a ninth modified embodiment; 
FIG. 11 shows, with partial omission, another em- 
bodiment of the piezoelectric/electrostrictive ele- 
ment; 

FIG. 12 shows, with partial omission, still another 
embodiment of the piezoelectric/electrostrictive ei- 
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FIG. 1 3 shows a perspective view illustrating an ar- 
rangement of a piezoelectric/electrostrictive device 
according lo a tenth modified embodiment; 
FIG. 14 illustrates a situation in which both of the 
piezoelectric/electrostrictive elements do not make a 
the displacement action in the piezoelectric/elec- 
trostrictive device according to the first embodi- 
ment; 

FIG. 15A shows a waveform illustrating a voltage 
waveform to be applied to the first piezoelectric/ ^ 
electrostrictive element; 

FIG. 15B shows a waveform illustrating a voltage 
waveform to be applied to the second piezoelectric/ 
electrostrictive clement; 

FIG. 16 illustrates a situation in which the piezoe- 15 
lectric/electrostrictive element makes the displace- 
ment action in the piezoelectric/electrostrictive de- 
vice according to the first embodiment; 
FIG. 1 7A illustrates a process for laminating ceram- 
ic green sheets required when the piezoelectric/ 20 
electrostrictive device according to the first embod- 
iment is produced in accordance with a first produc- 
tion method; 

FIG. 1 7B illustrates a state in which a ceramic green 
laminate is formed; 25 
FIG. 18 illustrates a state in which the ceramic 
green laminate is sintered into a ceramic laminate, 
and then a piezoelectric/electrostrictive element is 
formed on the ceramic laminate; 
FIG. 1 9 illustrates a state in which the ceramic lam- 30 
inate is cut along predetermined cutting lines to pro- 
vide the piezoelectric/electrostrictive device ac- 
cording to the first embodiment; 
FIG. 20A illustrates a process for laminating ceram- 
ic green sheets required when the piezoelectric/ 35 
electrostrictive device according to an eleventh 
modified embodiment is produced in accordance 
with a second production method; 
FIG. 20B illustrates a state in which a ceramic green 
laminate is formed; 40 
FIG. 21A illustrates a state in which the ceramic 
green laminate is sintered into a ceramic laminate; 
FIG. 21 B illustrates a state in which piezoelectric/ 
electrostrictive elements, which are constructed as 
separate members, are bonded to surfaces of metal ^ 
plates to serve as thin plate sections respectively; 
FIG. 22 illustrates a state in the second production 
method in which the metal plate is bonded to the 
ceramic laminate to provide a hybrid laminate; 
FIG. 23 illustrates a state in the second production 50 
method in which the hybrid laminate is cut along 
predetermined cutting lines to provide the piezoe- 
lectric/electrostrictive device according to the elev- 
enth modified embodiment; 

FIG. 24A illustrates a state in a third production 55 
method in which a ceramic green laminate is sin- 
tered into a ceramic laminate; 
FIG. 24B illustrates a state in which piezoelectric/ 



electrostrictive elements, which are constructed as 
separate members, are bonded to surfaces of metal 
plates to serve as thin plate sections respectively; 
FIG. 25 illustrates a state in the third production 
method in which the metal plate is bonded to the 
ceramic laminate to provide a hybrid laminate; 
FIG. 26 illustrates a state in the third production 
method in which the hybrid laminate is cut along 
predetermined cutting lines to provide a piezoelec- 
tric/electrostrictive device according to a twelfth 
modified embodiment; 

FIG. 27 shows a perspective view illustrating an ar- 
rangement of a piezoelectric/electrostrictive device 
according to a second embodiment; 
FIG. 28A illustrates a process for laminating ceram- 
ic green sheets required when the piezoelectric/ 
electrostrictive device according to the second em- 
bodiment is produced in accordance with the first 
production method; 

FIG. 28B illustrates a state in which a ceramic green 
laminate is formed; 

FIG. 29 illustrates a state in which the ceramic 
green laminate is sintered into a ceramic laminate, 
and then the piezoelectric/electrostrictive element 
is formed on the ceramic laminate; 
FIG. 30 illustrates a state in which the ceramic lam- 
inate is cut along predetermined cutting lines to pro- 
vide the piezoelectric/electrostrictive device ac- 
cording to the second'embodiment; 
FIG. 31 shows a perspective view illustrating an ar- 
rangement of a piezoelectric/electrostrictive device 
according to a third embodiment; 
FIG. 32 shows a perspective view illustrating an ar- 
rangement of a modified embodiment of the piezo- 
electric/electrostrictive device according to the third 
embodiment; 

FIG. 33 shows a perspective view illustrating an ar- 
rangement of a piezoelectric/electrostrictive device 
according to a fourth embodiment; 
FIG. 34A illustrates a process for laminating ceram- 
ic green sheets required when the piezoelectric/ 
electrostrictive device according to the fourth em- 
bodiment is produced in accordance with the first 
production method; 

FIG. 34B illustrates a state in which a ceramic green 
laminate is formed; 

FIG. 35 illustrates a state in which the ceramic 
green laminate is sintered into a ceramic laminate, 
and then the piezoelectric/electrostrictive element 
is formed on the ceramic laminate; 
FIG. 36 illustrates a state in which the ceramic lam- 
inate is cut along predetermined cutting lines to pro- 
vide the piezoelectric/electrostrictive device ac- 
cording to the fourth embodiment; 
FIG. 37 shows a perspective view illustrating an ar- 
rangement of a piezoelectric/electrostrictive device 
according to a fifth embodiment; 
FIG 38 shows a nersooctivo view illustrating an ar- 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0041] Explanation will be made below with reference 
to FIGS. 1 to 43 for illustrative embodiments of the pie- 
zoelectric/electrostrictive device and the production 
method for the same according to the present invention. 
[0042] It is noted that the piezoelectric/electrostrictive 
device resides in a concept which includes the element 
for mutually converting the electric energy and the me- 
chanical energy by the aid of the piezoelectric/electros- 
trictive element. Therefore, the piezoelectric/electros- 
trictive device is most preferably used as the active el- 
ement such as various actuators and vibrators, espe- 
cially as the displacement element based on the use of 
the displacement brought about by the inverse piezoe- 
lectric effect and the electrosthctive effect. Additionally, 
the piezoelectric/electrostrictive device is also prefera- 
bly used as the passive element such as acceleration 
sensor elements and shock sensor elements. 
[0043] As shown in FIG. 1 , the piezoelectric/electros- 
trictive device 10A according to this embodiment has a 
substrate 14 which has a lengthy rectangular parallele- 
piped-shaped configuration as a whole and which has 
a hole 12 provided at an approximately central portion 
in the major axis direction thereof. 
[0044] The substrate 1 4 comprises a pair of mutually 
opposing thin ptate sections 1 6a, 16b, a movable sec- 
tion 20, and a fixation section 22 for supporting the pair 
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20. Piezoelectric/electrostrictive elements 24a. 24b are 
formed at respective parts of at least the thin plate sec- 
tions 16a, 16b respectively 

[0045] The following definition is made for the respec- 
tive perspective views including, for example, FIG. 1. 
That is, concerning the movabie section 20 and the fix- 
ation section 22, the surface disposed and viewed at the 
front is defined to be "front surface", and the surface dis- 
posed at the back is defined to be "back surface". Fur- 
ther, concerning tne movaoie section 20 and the fixation 
section 22, the surfaces, which are continuous to the 
upper surfaces of the thin plate sections 16a, 16b (sur- 
faces on which the piezoelectric/electrostrictive ele- 
ments 24a, 24b are formed), are defined to be "side sur- 
faces". 

[0046] Those usable as the substrate 14 include a 
structure comprising ceramics or metal as a whole, and 
a hybrid structure obtained by combining products pro- 
duced with materials of ceramics and metal. 
[0047] Those adoptable for the substrate 14 include, 
for example, a structure in which respective parts are' 
bonded to one another with an adhesive such as organic 
resin or glass or the like, a ceramic integrated structure 
which is obtained by sintering and integrating a ceramic 
green laminate into one unit, and a metal integrated 
structure integrated, for example, by brazing, soldering, 
eutectic bonding, or welding into one unit. Preferably, it 
is desirable to construct the substrate 14 with a ceramic 
laminate integrated into one unit by sintering a ceramic 
green laminate. 
[0048] The time-dependent change of state scarcely 
occurs in the integrated product of ceramic, because no 
adhesive exists at joined portions between the respec- 
tive parts. Therefore, the reliability of the joined portion 
is high, giving a structure which is advantageous to en- 
sure the rigidity. Additionally, the integrated product of 
ceramic can be produced with ease by means of the 
method for laminating ceramic green sheets as de- 
scribed later on. 

[0049] The piezoelectric/electrostrictive elements 
24a, 24b are prepared as separate members as de- 
scribed later on, and the prepared piezoelectric/elec- 
trostrictive elements 24a, 24b are stuck to the substrate 
14 with an adhesive such as organic resin or glass or 
by means of, for example, brazing, soldering, or eutectic 
bonding. Alternatively, the piezoelectric/electrostrictive 
elements 24a, 24b are directly formed on the substrate 
14 by using the film formation method not by using the 
sticking method described above. 
[0050] The piezoelectric/electrostrictive device 10A 
includes the hole 12 having, for example, a rectangular 
configuration which is formed by both inner walls of the 
pair of thin plate sections 16a, 16b, an inner wall 20a of 
the movable section 20, and an inner wall 22a ol the 
fixation section 22. The piezoelectric/electrostrictive de- 
vice 10A is constructed such that the movable section 
20 is displaced in accordance with the driving of the pi- 
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rangementof a piezoelectric/electrostrictive device 
according to a sixth embodiment; 
FIG. 39A illustrates a process for laminating ceram- 
ic green sheets required when the piezoelectric/ 
electrosthctive device according to the sixth em- s 
bodiment is produced in accordance with the first 
production method; 

FIG. 39B illustrates a state in which a ceramic green 
laminate is formed; 

FIG. 40 illustrates a state in which tne ceramic '0 
green laminate is sintered into a ceramic laminate, 
and then the piezoelectric/electrostrictive element 
is formed on the ceramic laminate; 
FIG. 41 illustrates a state in which the ceramic lam- 
inate is cut along predetermined cutting lines to pro- ^ 
vide the piezoelectric/electrostrictive device ac- 
cording to the sixth embodiment; 
FIG. 42 shows a perspective view illustrating an ar- 
rangement of a modified embodiment of the piezo- 
electric/electrostrictive device according to the sixth 20 
embodiment; 

FIG. 43 shows a perspective view illustrating an ar- 
rangement of a piezoelectric/electrostrictive device 
according to a seventh embodiment; and 
FIG. 44 shows an arrangement of a piezoefectric/ 2 $ 
electrosthctive device concerning an illustrative 
conventional technique. 

30 
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and/or 24b, or the displacement of the movable section 
20 is detected by the piezoeiectric/electrostrictive ele- 
ment or elements 24a and/or 24b. 
[0051] Each of the piezoeiectric/electrostrictive ele- 
ments 24a, 24b comprises a piezoelectric/electrostric- 5 
tive layer 26. and a pair of electrodes 28, 30 formed on 
both sides of the piezoeiectric/electrostrictive layer 26. 
One electrode 28 of the pair of electrodes 28, 30 is 
formed at least on each of the pair of thin plate sections 
16a, 16b. 10 
[0052] In the embodiment shown in FIG. 1 , respective 
forward end surfaces of the pair of electrodes 28, 30 and 
the piezoeiectric/electrostrictive layer 26 for construct- 
ing the piezoeiectric/electrostrictive clement 24a, 24b 
are substantially aligned. A substantial driving portion 15 
1 8 of the piezoeiectric/electrostrictive element 24a, 24b 
(portion at which the pair of electrodes 28, 30 are over- 
lapped with each other with the piezoeiectric/electros- 
trictive layer 26 interposed therebetween) is continuous- 
ly formed over a range from a part of the outer circum- 20 
ferential surface of the fixation section 22 to a part of the 
outer circumferential surface of the thin plate section 
1 6a, 1 6b. Especially, in this embodiment, the respective 
forward end surfaces of the pair of electrodes 28, 30 are 
located at the positions slightly deviated rearwardly from 25 
the inner wall 20a of the movable section 20. Of course, 
the piezoeiectric/electrostrictive element 24a, 24b may 
be formed such that the substantial driving portion 18 is 
located over a range from a part of the movable section 
20 to a part of the thin plate section 16a, 16b. 30 
[0053] The voltage is applied to the pair of electrodes 
28, 30 via terminals (pads) 32, 34 of the respective elec- 
trodes 28, 30 formed on the both side surfaces (element 
formation surfaces) of the fixation section 22 respective- 
ly. The respective terminals 32, 34 are positioned as fol- 35 
lows. That is, the terminal 32 corresponding to the first 
electrode 28 is formed at the position deviated toward 
the rearward end of the fixation section 22. The terminal 
34 corresponding to the second electrode 30 disposed 
on the side of the external space is formed at the position 40 
deviated toward the inner wall 22a of the fixation section 
22. 

[0054] In this embodiment, the piezoeiectric/electros- 
trictive device 10A can be individually fixed by utilizing 
the surfaces respectively different from the surfaces on 45 
which the terminals 32, 34 are arranged. As a result, it 
is possible to obtain the high reliability for both of the 
fixation of the piezoeiectric/electrostrictive device 10A 
and the electric connection between the circuit and the 
terminals 32, 34. In this arrangement, the electric con- so 
nection between the terminals 32, 34 and the circuit is 
made, for example, by means of the flexible printed cir- 
cuit (also referred to as FPC), the flexible flat cable (also 
referred to as FFC), and the wire bonding. 
[0055] As shown in FIG. 1 , the piezoelectric/electros- 55 
trictive device 10A according to the first embodiment is 
constructed such that a cutout 36 is formed for the mov- 
able section 20. In the embodiment shown in FIG. 1 . the 



cutout 36 is a through-hole having a rectangular cross 
section which is formed continuously over a range from 
the forward end surface of the movable section 20 10 the 
hole 12. 

[0056] In the meantime, structures other than the 
structure shown in FIG. 1 are available for the piezoe- 
iectric/electrostrictive element 24a, 24b. That is, as in a 
piezoeiectric/electrostrictive device lOAa according to 
a first modified embodiment shown in FIG. 2, it is also 
preferable that tne respective forward ends of tne pair 
of electrodes 28, 30 for constructing the piezoefectric/ 
electrostrictive element 24a, 24b are aligned, and only 
the forward end of the piezoeiectric/electrostrictive layer 
26 is allowed to protrude toward the movable section 
20. Alternatively, as in a piezoeiectric/electrostrictive de- 
vice lOAb according to a second modified embodiment 
shown in FIG. 3, it is also preferable that the respective 
forward ends of the first electrode 28 and the piezoeiec- 
tric/electrostrictive layer26 are aligned, and only the for- 
ward end of the second electrode 30 is disposed at a 
position deviated toward the fixation section 22. 
[0057] Alternatively, as in a piezoeiectric/electrostric- 
tive device 10Ac according to a third modified embodi- 
ment shown in FIG. 4, it is also preferable that the re- 
spective forward ends of the first electrode 28 and the 
piezoeiectric/electrostrictive layer 26 are allowed to ex- 
tend up to the side surface of the movable section 20, 
and the forward end of the second electrode 30 is locat- 
ed at an approximately central portion in the length di- 
rection (Z axis direction) of the thin plate section 16a, 
16b., 

[0058] In the embodiments described above, the pie- 
zoeiectric/electrostrictive element 24a, 24b is construct- 
ed by the piezoeiectric/electrostrictive layer 26 having 
the one-layered structure and the pair of electrodes 28, 
30. Alternatively, it is also preferable that the piezoeiec- 
tric/electrostrictive element 24a, 24b is constructed in a 
stacked form composed of a plurality of the piezoeiec- 
tric/electrostrictive layers 26 and the electrodes 28, 30. 
[0059] For example, as in a piezoeiectric/electrostric- 
tive device 1 0Ad according to a fourth modified embod- 
iment shown in FIG. 5, each of the piezoeiectric/elec- 
trostrictive layer 26 and the pair of electrodes 28, 30 re- 
sides in a multilayered structure. The first electrodes 28 
and the second electrodes 30 are alternately stacked 
with each other to provide the piezoeiectric/electrostric- 
tive element 24a, 24b which has a multiple stage struc- 
ture at a portion (substantial driving portion 1 8) at which 
the first electrodes 28 and the second electrodes 30 are 
overlapped with each other with the piezoeiectric/elec- 
trostrictive layer 26 interposed therebetween. FIG. 5 is 
illustrative of the following case. That is, the piezoeiec- 
tric/electrostrictive layer 26 has the three-layered struc- 
ture. The first electrodes 28 are formed in a separate 
manner respectively on the lower surface of the first lay- 
er (side surface of the thin plate section 16a, 16b) and 
on the upper surface of the second layer. The second 
electrodes 30 are formed in a separate manner respec- 
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lively on the upper surface of the first layer and on the 
upper surface of the third layer. Further, terminals 32a, 
32b are provided on respective ends of the first elec- 
trodes 28 respectively, and terminals 34a, 34b are pro- 
vided on respective ends of the second electrodes 30 
respectively. 

[0060] As in a piezoelectric/electrostrictive device 
lOAe according to a fifth modified embodiment shown 
jn pig. 6, each of the piezoelectric/electrostrictive layer 
26 and the pair of electrodes 28, 30 resides in a multi- 
layered structure. The first electrode 28 and the second 
electrode 30 are alternately stacked with each other so 
that a substantially comb-shaped configuration is ob- 
tained in cross section to provide the piezoelectric/elec- 
trostrictive element 24a, 24b which has a multiple stage 
structure at a portion (substantial driving portion 18) at 
which the first electrode 28 and the second electrode 30 
are overlapped with each other with the piezoelectric/ 
electrostrictive layer 26 interposed therebetween. 
[0061 ] FIG. 6 is illustrative of the following case. That 
is, the piezoelectric/electrostrictive layer 26 has the 
three-layered structure. The first electrode 28 is formed 
in a comb-shaped configuration to be located on the low- 
er surface of the first layer (side surface of the thin plate 
section 1 6a, 16b) and on the upper surface of the sec- 
ond layer. The second electrode 30 is formed in a comb- 
shaped configuration to be located on the upper surface 
of the first layer and on the upper surface of the third 
layer. In the case of this structure, each of the first elec- 
trode 28 and the second electrode 30 is continuous and 
common. Accordingly, it is possible to decrease the 
number of terminals 32, 34 as compared with the struc- 
ture shown in FIG. 5. Therefore, it is possible to sup- 
press the increase in size which would be otherwise in- 
volved in the multilayered structure of the piezoelectric/ 
electrostrictive element 24a, 24b. 
[0062] When the number of stages is increased, it is 
possible to increase the driving force. However, the 
electric power consumption is also increased in accord- 
ance therewith. Therefore, when the device is practically 
produced and used, for example, it is preferable that the 
number of stages is appropriately determined depend- 
ing on the way of use and the state of use. In the case 
of the piezoelectric/electrostrictive device 1 0Ae accord- 
ing to the fifth modified embodiment, even when the driv- 
ing force is increased by providing the multiple stage 
structure of the piezoelectric/electrostrictive element 
24a, 24b, the width of the thin plate section 16a, 16b 
(distance in the Y axis direction) is basically unchanged. 
Therefore, the device is extremely preferred to make ap- 
plication, for example, to the actuator for the purpose of 
the ringing control and the positioning of the magnetic 
head for the hard disk to be used in an extremely narrow 
gap. 

[0063] Alternatively, as in a piezoelectric/electrostric- 
tive device lOAf according to a sixth modified embodi- 
ment shown in FIG. 7, it is also preferable that two pie- 



the multiple stage structure are formed to extend over 
the fixation section 22 and the thin plate section 16a, 
16b respectively, and another two piezoelectric/elec- 
trostrictive elements 24a2, 24b2 having the multiple 

5 stage structure are formed to extend over the movable 
section 20 and the thin plate section 16a, 16b respec- 
tively. In this arrangement, the movable section 20 can 
be displaced extremely greatly owing to the effect that 
the piezoelectric/electrostrictive element 24a, 24b has 

10 the multiple stage structure and the effect that the 
number of points of action to displace the movable sec- 
tion 20 is increased. Additionally, the piezoelectric/elec- 
trostrictive device lOAf is excellent in high speed re- 
sponse performance, which is preferred. 

15 [0064] Alternatively, as in a piezoelectric/electrostric- 
tive device lOAg according to a seventh modified em- 
bodiment shown in FIG. 8, it is also preferable to form 
' the piezoelectric/electrostrictive element 24a, 24b so 
that the forward end thereof stays on the thin plate sec- 

20 tion 16a, 16b. FIG. 8 is illustrative of the case in which 
ihe forward end of the piezoelectric/electrostrictive ele- 
ment 24a, 24b is located at a substantially central por- 
tion in the length direction of the thin plate section 16a, 
1 6b. This arrangement is advantageous in that the mov- 

25 able section 20 can be displaced to a great extent sub- 
stantially in parallel to the side surface direction (X axis 
direction). 

[0065] Alternatively, as in a piezoelectric/electrostric- 
tive device lOAh according to an eighth modified em- 

30 bodiment shown in FIG. 9, it is also preferable that mu- 
tually opposing end surfaces 37a. 37b are formed for 
the movable section 20. In this arrangement, the internal 
residual stress, which has been generated in the piezo- 
electric/electrostrictive elements 24a, 24b and/or the 

35 thin plate sections 1 6a, 1 6b during the production, can 
be released by the movement of the end surfaces 37a, 
37b. Therefore, the displacement action of the movable 
section 20 is not inhibited by the internal residual stress. 
Thus, it is possible to obtain the displacement action of 

40 the movable section 20 substantially as designed. Ad- 
ditionally, the release of the stress makes it possible to 
improve the mechanical strength of the piezoelectric/ 
electrostrictive device 10Ah as well. The embodiment 
described above is illustrative of the case in which the 

45 mutually opposing end surfaces 37a, 37b are provided 
for the movable section 20. Alternatively, the mutually 
opposing end surfaces 37a, 37b may be provided for 
the fixation section 22. 

[0066] Alternatively, as in a piezoelectric/electrostric- 
so tive device lOAi according to a ninth modified embodi- 
ment shown in FIG. 10, it is also preferable that a pair 
of thin plate sections 16a, 16b are bent in directions to 
make separation from each other, and they are convex 
toward the outside. In this arrangement, high rigidity is 
55 exhibited for the vibration (bending displacement) of the 
thin plate sections 16a, 16b. As a result, it is possible to 
increase the resonance frequency of the vibration itself 
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which the thin plate sections 16a, 1 6b are previously 
bent in the directions to make separation from each oth- 
er, i.e., toward the external space as described above, 
is a structure which is efficient to convert the displace- 
ment of the piezoelectric/electrostrictive elements 24a, 
24b into the displacement of the movable section 20 in 
the direction toward the external space. Therefore, it is 
possible to greatly displace the movable section 20. 
[0067] In other words, in the ninth modified embodi- 
ment, the rigidity of the thin plate sections 16a, 16b is 
enhanced, while the decrease in displacement of the 
movable section 20, which is postulated from the in- 
creased rigidity, is suppressed by providing the structure 
in which the thin plate sections 16a, 16b are allowed to 
protrude outwardly to increase the conversion efficiency 
of the displacement. As a result, the structure makes it 
possible to displace the movable section 20 at a high 
speed to a great extent. Further, the structure described 
above also exhibits large durability against the force (ex- 
ternal force) exerted on the thin plate sections 16a, 1 6b 
from the outside. Therefore, the device is also excellent 
in strength. 

[0068] The piezoelectric/electrostrictive element 24a, 
24b described above is illustrative of the case of the con- 
struction of the so-called sandwich structure in which the 25 
piezoelectric/electrostrictive layer 26 is allowed to inter- 
vene between the pair of electrodes 28, 30. Alternative- 
ly, as shown in FIG. 11. a pair of comb-shaped elec- 
trodes 28, 30 may be formed on the first principal sur- 
face of the piezoelectric/electrostrictive layer 26 formed 30 
on at least the side surface of the thin plate section 1 6a, 
1 6b. Further alternatively, as shown in FIG. 1 2, a pair of 
comb-shaped electrodes 28, 30 are formed and embed- 
ded in the piezoelectric/electrostrictive layor 26 formed 
on at least the side surface of the thin plate section 1 6a, 35 
16b. 

[0069] The structure shown in FIG. 11 is advanta- 
geous in that it is possible to suppress the electric power 
consumption to be low. The structure shown in FIG. 12 
makes it possible to effectively utilize the inverse piezo- *o 
electric effect in the direction of the electric field having 
large generated force and strain, which is advantageous 
to cause the large displacement. 
[0070] Specifically, the piezoelectric/electrostrictive 
element 24a, 24b shown in FIG. 1 1 comprises the pair 45 
of electrodes 28, 30 having the comb-shaped structure 
formed on the first principal surface of the piezoelectric/ 
electrostrictive layer 26. In this structure, the first elec- 
trode 28 and the second electrode 30 are mutually op- 
posed to one another in an alternate manner with a gap 50 
29 having a constant width interposed therebetween. 
FIG. 11 is illustrative ofthecase in which the pair of elec- 
trodes 28, 30 are formed on the first principal surface of 
the piezoelectric/electrostrictive layer 26. Alternatively, 
the pair of electrodes 28, 30 may be formed between 55 
the thin plate section 16a, 16b and the piezoelectric/ 
electrostrictive layer 26. Further alternatively, the pair of 
comb-shaped electrodes 28, 30 may be formed on the 
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first principal surface of the piezoelectric/electrostrictive 
layer 26 and between the thin plate section 16a, 16b 
and the piezoelectric/electrostrictive layer 26 respec- 
tively. 

5 [0071] On the other hand, in the piezoelectric/elec- 
trostrictive element 24a, 24b shown in FIG. 12, the pair 
of electrodes 28. 30 having the comb-shaped structure 
are formed so that they are embedded in the piezoelec- 
tric/electrostrictive layer 26. In this structure, the first 
w electrode 28 and the second electrode 30 are mutually 
opposed to one another in an alternate manner with a 
gap 29 having a constant width interposed therebe- 
tween. 

[0072] The piezoelectric/electrostrictive elements 
is 24a ( 24b as shown in FIGS. 11 and 12 can be preferably 
used for the piezoelectric/electrostrictive device 1 0A ac- 
cording to the first embodiment as well. When the pair 
of comb-shaped electrodes 28, 30 are used as in the 
piezoelectric/electrostrictive elements 24a, 24b shown 
20 in FIGS. 11 and 12, the displacement of the piezoelec- 
tric/electrostrictive element 24a, 24b can be increased 
by decreasing the pitch D of the comb teeth of the re- 
spective electrodes 28, 30. 

[0073] Alternatively, as in a piezoelectric/electrostric- 
tive device 1 0Aj according to a tenth modified embodi- 
ment shown in Fig. 1 3, it is also preferable that a partition 
38 is provided between the cutout 36 and the hole 12. 
This arrangement provides an effect equivalent to that 
obtained in the case in which the cutout 36 formed for 
the movable section 20 is the through-hole (forexample, 
see FIG. 1). Further, when various members or parts 
are inserted into the cutout 36 to be fixed thereto, the 
member or the part is easily positioned by the aid of the 
partition 38. It is possible to reduce the dispersion of the 
characteristic of the final product. Further, it is possible 
to utilize the five surfaces as the bonding and fixing sur- 
face. Thus, the reliability is improved concerning the at- 
tachment of the member or the part. 
[0074] The operation of the piezoelectric/electrostric- 
tive device 10A according to the first embodiment will 
now be explained. At first, for example, when the two 
piezoelectric/electrostrictive elements 24a, 24b are in 
the natural state, namely when both of the piezoelectric/ 
electrostrictive elements 24a, 24b do not make the dis- 
placement action, then the major axis m of the piezoe- 
lectric/electrostrictive device 10A (major axis of the fix- 
ation section 22) is substantially coincident with the cen- 
tral axis n of the movable section 20 as shown in FIG. 1 4. 
[0075] Starting from this state, for example, a sine 
wave Wa, which has a predetermined bias electric po- 
tential Vb, is applied to the pair of electrodes 28, 30 of 
the first piezoelectric/electrostrictive element 24a as 
shown in a waveform figure shown in FIG. 15A, while a 
sine wave Wb, which has a phase different from that of 
the sine wave Wa by about 1 80°, is applied to the pair 
of electrodes 28, 30 of the second piezoelectric/elec- 
trostrictive element 24b as shown in FIG. 15B. . 
[0076] The piezoelectric/electrostrictive layer 26 of 



19 EP 1 

the first piezoelectric/electrostrictive element 24a 
makes the contraction displacement in the direction of 
the first principal surface at a stage at which, for exam- 
ple, a voltage having a maximum vaiue is applied to the 
pair of electrodes 28, 30 of the first piezoelectric/elec- 
trostrictive element 24a. Accordingly, as shown in FIG. 
1 6, for example, the stress is generated for the first thin 
plate section 16a to bend the thin plate section 16a, for 
example, in the rightward direction as shown by the ar- 
row A. Therefore, the first thin plate section 1 6a is bent 
in the rightward direction. At this time, a state is given, 
in which no voltage is applied to the pair of electrodes 
28, 30 of the second piezoelectric/electrostrictive ele- 
ment 24b. Therefore, the second thin plate section 1 6b 
follows the bending of the first thin plate section 16a, 
and it is bent in the rightward direction. As a result, the 
movable section 20 is displaced, for example, in the 
rightward direction with respect to the major axis m of 
the piezoelectric/electrostrictive device 10A. The dis- 
placement amount is changed depending on the maxi- 
mum value of the voltage applied to each of the piezo- 
electric/electrostrictive elements 24a, 24b. For exam- 
ple, the larger the maximum value is, the larger the dis- 
placement amount is. 

[0077] Especially, when a material having coercive 
electric field is applied as the constitutive material for 
the piezoelectric/electrostrictive layer 26, it is also pref- 
erable that the bias electric potential is adjusted so that 
the level of the minimum value is a slightly negative level 
as depicted by waveforms indicated by dashed lines in 
FIGS. l|Aand 15B. In this case, for example, the stress, 
which is in the same direction as the bending direction 
of the first thin plate section 1 6a ( is generated in the sec- 
ond thin plate section 16b by driving the piezoelectric/ 
electrostrictive element (for example, the second piezo- 
electric/electrostrictive element 24b) to which the nega- 
tive level is applied. Accordingly, it is possible to further 
increase the displacement amount of the movable sec- 
tion 20. In other words, when the waveforms indicated 
by the dashed lines in FIGS. 1 5A and 1 5B are used, the 
device is allowed to have such a function that the pie- 
zoelectric/electrostrictive element 24b or 24a ( to which 
the negative level is applied, supports the piezoelectric/ 
electrostrictive element 24a or 24b which principally 
makes the displacement action. 
[0078] In the case of the piezoelectric/electrostrictive 
device t OAf shown in FIG. 7, the voltage (see the sine 
waveform Wa) shown in FIG. 15A is applied, for exam- 
ple, to the piezoelectric/electrostrictive element 24al 
and the piezoelectric/electrostrictive element 24b2 
which are arranged on the diagonal line, and the voltage 
(see the sine waveform Wb) shown in FIG. 15B is ap- 
plied to the other piezoelectric/electrostrictive element 
24a2 and the other piezoelectric/electrostrictive ele- 
ment 24b1. 

[0079] As described above, in the piezoelectric/elec- 
trostrictive device 10A according to the first embodi- 
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trostrictive element 24a, 24b is amplified into the large 
displacement action by utilizing the bending of the thin 
plate section 16a, 16b, and il is transmitted to the mov- 
able section 20. Accordingly, it is possible to greatly dis- 
5 place the movable section 20 with respect to the major 
axis rn of the piezoelectric/electrostrictive device 10A. 
[0080] Especially, in the first embodiment, the mova- 
ble section 20 is provided with the cutout 36 (through- 
hole 36 in this case) to realize the light weight of the 
10 movable section 20. Therefore, it is possible to increase 
the resonance frequency without decreasing the dis- 
placement amount of the movable section 20. 
[0081] The frequency herein indicates the frequency 
of the voltage waveform obtained when the movable 
is section 20 is displaced rightwardly and leftwardly by al- 
ternately switching the voltage applied to the pair of 
electrodes 28, 30. The resonance frequency indicates 
the maximum frequency at which the displacement ac- 
tion of the movable section 20 can follow in a predeter- 
20 mined vibration mode. 

[0082] In the piezoelectric/electrostrictive device 10A 
according to the first embodiment, the movable section 
20, the thin plate sections 16a, 16b, and the fixation sec- 
tion 22 are integrated into one unit. It is unnecessary 
25 that all of the parts are formed with the piezoelectric/ 
electrostrictive material which is a fragile material hav- 
ing a relatively heavy weight. Therefore, the device has 
the following advantages. That is, the device has the 
high mechanical strength, and it is excellent in handling 
30 performance, shock resistance, and moisture resist- 
ance. Further, the operation of the device is scarcely af- 
fected by harmful vibration (for example, noise vibration 
and remaining vibration during high speed operation). 
[0083] In the first embodiment, the piezoclectric/elec- 
35 trostrictive element 24a, 24b is constructed to have the 
piezoelectric/electrostrictive layer 26 and the pair of 
electrodes 28, 30 formed on the both sides of the pie- 
zoelectric/electrostrictive layer 26. The first electrode 28 
of the pair of electrodes 28, 30 is formed on at least the 
outer surface of the thin plate section 1 6a, 1 6b. There- 
fore, the vibration caused by the piezoelectric/electros- 
trictive element 24a, 24b can be efficiently transmitted 
to the movable section 20 via the thin plate section 1 6a, 
16b. Thus, it is possible to improve the response per- 
45 formance. 

[0084] In the first embodiment, the portion (substan- 
tial driving portion 18), at which the pair of electrodes 
28, 30 are overlapped with each other with the piezoe- 
lectric/electrostrictive layer 26 interposed therebe- 
so tween, is continuously formed over the range from the 
part of the fixation section 22 to the part of the thin plate 
section 16a, 16b. If the substantial driving portion 18 is 
formed to further extend over a part of the movable sec- 
tion 20, then it is feared that the displacement action of 
55 the movable section 20 is restricted by the substantial 
driving portion 1 8, and it is impossible to obtain the large 
displacement. However, in the first embodiment, the 
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not range over both of the movable section 20 and the 
fixation section 22. Therefore, it is possible to avoid the 
inconvenience of the restriction of the displacement ac- 
tion of the movable section 20, and it is possible to in- 
crease the displacement amount of the movable section 5 
20. 

[0085] On the other hand, when the piezoelectric/ 
electrostrictive element 24a, 24b is formed on the part 
of the movable section 20, it is preferable that the sub- 
stantial driving portion 1 8 is located over the range from 10 
the part of the movable section 20 to the part of the thin 
plate section 1 6a, 1 6b, because of the following reason. 
That is, if the substantial driving portion 18 is formed to 
extend up to a part of the fixation section 22, tho dis- 
placement action of the movable section 20 is restricted 1 $ 
as described above. 

[0086] Next, explanation will be made for preferred il- 
lustrative constructions of the piezoelectric/electrostric- 
tive device 10A according to the first embodiment. 
[0087] At first, in order to ensure the displacement ac- ?o 
tion of the movable section 20, it is preferable that the 
distance g, by which the substantial driving portion 18 
of the piezoelectric/electrostrictive element 24a, 24b is 
overlapped with the fixation section 22 or the movable 
section 20, is not less than 1/2 of the thickness d of the 25 
thin plate section 16a, 16b. 

[0088] The device is constructed such that the ratio a/ 
b between the distance (distance in the X axis direction) 
a between the inner walls of the thin plate sections 16a, 
16b and the width (distance in the Y axis direction) b of 30 
the thin plate section 1 6a, 1 6b is 0.5 to 20. The ratio a/ 
b is preferably 1 \o 10 and more preferably 2 to 8. The 
prescribed value of the ratio a/b is prescribed on the ba- 
sis of the discovery that the displacement amount of the 
movable section 20 can be increased, and the displace- 35 
ment in the X-Z plane can be dominantly obtained. 
[0089] On the other hand, it is desirable that the ratio 
e/a between the length (distance in the Z axis direction) 
e of the thin plate section 16a, 16b and the distance a 
between the inner walls of the thin plate sections 16a, 40 
1 6b is preferably 0.5 to 1 0 and more preferably 0.7 to 5. 
The prescribed value of the ratio e/a is prescribed on 
the basis of the discovery that the displacement amount 
of the movable section 20 can be increased, and the 
displacement action can be performed at a high reso- «5 
nance frequency (high response speed can be 
achieved). 

[0090] Therefore, in order to suppress the flapping 
displacement in the Y axis direction or the vibration of 
the piezoelectric/electrostrictive device 10A according 50 
to the first embodiment and provide the structure in 
which the high speed response performance is excellent 
and the large displacement is simultaneously obtained 
at a relatively low voltage, it is preferable that the ratio 
a/b is 0.5 to 20 and the ratio e/a is 0.5 to 10, and it is 55 
more preferable that the ratio a/b is 1 to 10 and the ratio 
e/a is 0.7 to 5. 

[0091] Further, it is preferable that the hole 12 is filled 



with a gel material, for example, silicone gel. Usually, 
the displacement action of the movable section 20 is re- 
stricted by the presence of such a filler material. How- 
ever, in the first embodiment, it is intended to realize the 
light weight brought about by the formation of the cuto ut 
36 for the movable section 20 and increase the displace- 
ment amount of the movable section 20. Therefore, the 
restriction of the displacement action of the movable 
section 20 due to the filler material is counteracted. Ac- 
cordingly, it is possible to realize the effect owing to the 
presence of the filler material, namely the realization of 
the high resonance frequency and the maintenance of 
the rigidity. 

[0092] It is preferable that the length (distance in the 
Z axis direction) f of the movable section 20 is short, 
because of the following reason. That is, it is possible 
to realize the light weight and increase the resonance 
frequency by shortening the length. However, in order 
to ensure the rigidity of the movable section 20 in the X 
axis direction and obtain its reliable displacement, it is 
desirable that the ratio f/d with respect to the thickness 
d of the thin plate section 1 6a, 1 6b is not less than 3 and 
preferably not less than 10. 

[0093] The actual size of each component is deter- 
mined considering, for example, the joining area for at- 
taching the part to the movable section 20, the joining 
area for attaching the fixation section 22 to another 
member, the joining area for attaching the electrode ter- 
minal or the like, and the strength , the durability, the nec- 
essary displacement amount, the resonance frequency, 
and the driving voltage of the entire piezoelectric/elec- 
trosthctive device 10A. 

[0094] Specifically, for example, the distance a be- 
tween the inner walls of the thin plate sections 1 6a, 1 6b 
is preferably 100 |im to 2000 jim and more preferably 
200 urn to 1 000 jim. The width b of the thin plate section 
1 6a, 1 6b is preferably 50 jim to 2000 \im and more pref- 
erably 100 |im to 500 u,m. The thickness d of the thin 
plate section 1 6a, 1 6b is preferably 2 p.m to 1 00 p.m and 
more preferably 4 u.m to 50 jtm, while it satisfies b > d 
in relation to the width b of the thin plate section 16a, 
1 6b, in order to make it possible to effectively suppress 
the flapping displacement which is the displacement 
component in the Y axis direction. 
[0095] The length e of the thin plate section 1 6a, 1 6b 
is preferably 200 fim to 3000 \urr\ and more preferably 
300 uxn to 2000 jim. The length f of the movable section 
20 is preferably 50 u,m to 2000 \itr\ and more preferably 
100 ujn to 1000 fim. 

[0096] The arrangement as described above exhibits 
such an extremely excellent effect that the displacement 
in the Y axis direction does not exceeds 10 % with re- 
spect to the displacement in the X axis direction, while 
the device can be driven at a low voltage by appropri- 
ately making adjustment within the range of the size ra- 
tio and the actual size, and it is possible to suppress the 
displacement component in the Y axis direction to be 
not more than 5 %. In other words, the movable section 
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20 is displaced in one axis direction, i.e.. substantially 
in the X axis direction. Further, the high speed response 
is excellent, and it is possible lo obtain the large dis- 
placement at a relatively low voltage. 
[0097] In the piezoelectric/electrostrictive device 1 0A, 
the shape of the device is not the plate-shaped config- 
uration unlike conventional one. Each of the movable 
section 20 and the fixation section 22 has the rectangu- 
lar parallelepiped-shaped configuration. The pair of thin 
plate sections 16a. 16b are provided so that the side 
surface of the movable section 20 is continuous to the 
side surface of the fixation section 22. Therefore, it is 
possible to selectively increase the rigidity of piezoelec- 
tric/electrostrictive device 10A in the Y axis direction. 
[0098] That is, in the piezoelectric/electrostrictive de- 
vice 1 0A, it is possible to selectively generate only the 
operation of the movable section 20 in the plane (XZ 
plane). It is possible to suppress the operation of the 
movable section 20 in the YZ plane (operation in the so- 
called flapping direction). 

[0099] Next, explanation will be made for the respec- 
tive constitutive components of the piezoelectric/elec- 
trostrictive device 10A according to the first embodi- 
ment. 

[0100] As described above, the movable section 20 is 
the portion which is operated on the basis of the driving 
amount of the thin plate section 1 6a, 1 6b, and a variety 
of members are attached thereto depending on the pur- 
pose of use of the piezoelectric/electrostrictive device 
10A. For example, when the piezoelectric/electrostric- 
tive device 10A is used as a displacement element, a 
shield plate for an optical shutter or the like is attached 
thereto. Especially, when the piezoelectric/electrostric- 
tive device 10A is used for the mechanism for position- 
ing a magnetic head of a hard disk drive or for suppress- 
ing the ringing, a member required to be positioned is 
attached thereto, including, for example, the magnetic 
head, a slider provided with the magnetic head, and a 
suspension provided with the slider. 
[0101] When the movable section 20 is constructed 
to have the cutout 36 including the through-hole as 
shown in FIGS. 1 to 10, then the rigidity of the movable 
section 20 can be appropriately decreased, and the dis- 
placement in the X axis direction can be effectively in- 
creased without increasing the flapping displacement 
(displacement in the Y axis direction). 
[01 02] Further, a variety of members may be inserted 
and attached to the cutout 36 including the through-hole. 
Accordingly, an advantage is obtained such that the fix- 
ing and bonding area for the member can be increased 
and the reliability of joining is enhanced, and/or an ad- 
vantage is obtained such that it is possible to make the 
thickness to be thin or realize a small size of the piezo- 
electric/electrostrictive device attached with a variety of 
members. 

[0103] As described above, the fixation section 22 is 
the portion for supporting the thin plate sections 16a, 
1 6b and the movable section 20. For examnle. when the 



fixation section 22 is utilized to position the magnetic 
head of the hard disk drive, the entire piezoelectric/elec- 
trostrictive device 10A is fixed by supporting and secur- 
ing the fixation section 22. for example, to a carriage 

j arm attached to VCM (voice coil motor) or a fixation plate 
or a suspension attached to the carriage arm. As shown 
in pig, ! _ the terminals 32. 34 for driving the piezoelec- 
tric/electrostrictive elements 24a, 24b and other mem- 
bers are arranged on the fixation section 22 in some cas- 

w es. 

[0104] The material for constructing the movable sec- 
tion 20 and the fixation section 22 is not specifically lim- 
ited provided that it has rigidity. However, it is possible 
to preferably use ceramics to which tho ceramic green 

is sheet-laminating method is applicable as described lat- 
er on. Specifically, the material includes, for example, 
materials containing a major component of zirconia rep- 
resented by fully stabilized zirconia and partially stabi- 
lized zirconia, alumina, magnesia, silicon nitride, alumi- 

20 num nitride, and titanium oxide, as well as materials con- 
taining a major component of a mixture of them. How- 
ever, in view of the high mechanical strength and the 
high toughness, it is preferable to use a material con- 
taining a major component of zirconia, especially fully 

25 stabilized zirconia and a material containing a major 
component of partially stabilized zirconia. The metal 
material is not limited provided that it has rigidity. How- 
ever, the metal material includes, for example, stainless 
steel and nickel. 

so [0105] As described above, the thin plate section 1 6a, 
1 6b is the portion which is driven in accordance with the 
displacement of the piezoelectric/electrostrictive ele- 
ment 24a, 24b. The thin plate section 16a, 16b is the 
thin plate-shaped member having flexibility, and it func- 

35 tions to amplify the expansion and contracting displace- 
ment of the piezoelecthc/electrostrictive element 24a, 
24b arranged on the surtace as the bending displace- 
ment and transmit the displacement to the movable sec- 
tion 20. Therefore, it is enough that the shape or the 

40 material of the thin plate section 1 6a, 1 6b provides the 
flexibility with the mechanical strength of such a degree 
that it is not broken by the bending displacement. It is 
possible to make appropriate selection considering the 
response performance and the operability of the mova- 

45 ble section 20. 

[0106] It is preferable that the thickness d of the thin 
plate section 16a, 16b is preferably about 2 u.m to 100 
p.m. It is preferable that the combined thickness of the 
thin plate section 16a (or 16b) and the piezoelectric/ 

so electrostrictive element 24a (or 24b) is 7 u.m to 500 ujn. 
it is preferable that the thickness of the electrode 28, 30 
is 0.1 to 50 |xm, and the thickness of the piezoelectric/ 
electrostrictive layer 26 is 3 to 300 um The width b of 
the thin plate section 16a, 16b is preferably 50 u,m to 

55 2000 um 

[0107] Ceramics, which is similarly used for the mov- 
able section 20 and the fixation section 22, can be pref- 
erably used as the material forconstructinq the thin plate 
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section 1 6a, 1 6b. A material containing a major compo- 
nent of zirconia, especially full/ stabilized zirconia and 
a material containing a major component of partially sta- 
bilized zirconia are most preferably used, because the 
mechanical strength is large even in the case of a thin 
wall thickness, the toughness is high, and the reactivity 
with the piezoelectric/electrostrictive layer and the efec- 
trode material is small. 

[0108] When the thin plate section 16a, 16b is made 
of a metal material, it is enough that the metai material 
has flexibility and the metal material is capable of bend- 
ing displacement as described above. However, prefer- 
ably, it is desirable that the thin plate section 16a, 1 6b 
is made of an iron-based material such as various stain- 
less steel materials and various spring steel materials. 
Alternatively, it is desirable that the thin plate section 
16a, 16b is made of a non-ferrous material such as be- 
ryllium copper, phosphor bronze, nickel, and nickel-iron 
alloy. 

[01 09] Those which are fully stabilized or partially sta- 
bilized as follows are preferably used as fully stabilized 
zirconia or partially stabilized zirconia as described 
above. That is, the compound to be used for fully stabi- 
lizing or partially stabilizing zirconia includes yttrium ox- 
ide, ytterbium oxide, cerium oxide, calcium oxide, and 
magnesium oxide. When at least one compound of them 
is added and contained, zirconia is partially or fully sta- 
bilized. However, as for the stabilization, the objective 
zirconia can be stabilized not only by adding one type 
of the compound but also by adding- a combination of 
the compounds. 

[0110] The amount of addition of each of the com- 
pounds is desirably as follows. That is, yttrium oxide or 
ytterbium oxide is added by 1 to 30 mole %, preferably 
1 .5 to 1 0 mole %. Cerium oxide is added by 6 to 50 mole 
%, preferably a to 20 mole %. Calcium oxide or magne- 
sium oxide is added by 5 to 40 mole %, preferably 5 to 
20 mole %. Especially, it is preferable to use yttrium ox- 
ide as a stabilizer, in this case, yttrium oxide is desirably 
added by 1 .5 to 1 0 mole %, more preferably 2 to 4 mole 
%. For example, alumina, silica, ortransition metal oxide 
may be added as an additive of sintering aid or the like 
in a range of 0.05 to 20 % by weight However, when 
the sintering integration based on the film formation 
method is adopted as a technique for forming the pie- 
zoelectric/electrostrictive element 24a, 24b, it is also 
preferable to add, for example, alumina, magnesia, and 
transition metal oxide as an additive. 
[0111] In order to obtain the mechanical strength and 
the stable crystal phase, it is desirable that the average 
crystal grain size of zirconia is 0.05 to 3 u,rn, preferably 
0.05 to 1 urn. As described above, ceramics can be used 
for the thin plate section 16a, 16b in the same manner 
as in the movable section 20 and the fixation section 22. 
Preferably, it is advantageous to construct the thin plate 
sections 16a, 16b with a substantially identical material 
in view of the reliability of the joined portion and the 
strength of the piezoelectric/electrostrictive device 10A, 
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in order to reduce any complicated procedure of the pro- 
duction. 

[0112] The piezoelectric/electrostricLive element 24a. 
24b has at least the piezoelectric/electrostrictive layer 
26 and the pair of e lectrodes 28, 30 for applying the elec- 
tric field to the piezoelectric/electrostrictive layer 26. It 
is possible to use, for example, piezoelectric/electros- 
trictive elements of the unimorph type and the bimorph 
type. However, those of the unimorph type arc suitable 
for the piezoeiectric/electrostriciive device iOA as de- 
scribed above, because they are excellent in stability of 
the generated displacement amount and they are ad- 
vantageous to realize the light weight. 
[01 13] For example, as shown in FIG. 1 , it is possible 
to preferably use, for example, the piezoelectric/elec- 
trostrictive element comprising the first electrode 28, the 
piezoelectric/electrostrictive layer 26, and the second 
electrode 30 which are stacked in the layered configu- 
ration. Additionally, it is also preferable to provide the 
multiple stage structure as shown in FIGS. 5 to 9. 
[0114] As shown in FIG. 1 , the piezoelectric/electros- 
trictive element 24a, 24b is preferably formed on the out- 
er surface side of the piezoelectric/electrostrictive de- 
vice 10A in view of the fact that the thin plate sections 
1 6a, 1 6b can be driven to a greater extent. However, the 
piezoelectric/electrostrictive element 24a, 24b may be 
formed on the inner surface side of the piezoelectric/ 
electrostrictive device 10A, i.e., on the inner wall surface 
of the hole 12 depending on, for example, the form of 
use. Alternatively, the piezoelectric/electrostrictive ele- 
ments 24a, 24b may be formed both on the outer surface 
side and on the inner surface side of the piezoelectric/ 
electrostrictive device 10A. 

[01 15] Piezoelectric ceramics is preferably used for 
the piezoelectric/electrostrictive layer 26. However, it is 
also possible to use electrostrictive ceramics, ferroelec- 
tric ceramics, or anti-ferroelectric ceramics. However, 
when the piezoelectric/electrostrictive device 10A is 
used, for example, to position the magnetic head of the 
hard disk drive, it is important to provide the linearity 
concerning the displacement amount of the movable 
section 20 and the driving voltage or the output voltage. 
Therefore, it is preferable to use a material having small 
strain hysteresis. It is preferable to use a material having 
a coercive electric field of not more than 10 kV/mm. 
[0116] Specified materials include ceramics contain- 
ing, for example, lead zirconate, lead titanate, lead mag- 
nesium niobate, lead nickel niobate, lead zinc niobate, 
lead manganese niobate, lead antimony stannate, lead 
manganese tungstate, lead cobalt niobate, barium titan- 
ate, sodium bismuth titanate, potassium sodium nio- 
bate, and strontium bismuth tantalate singly or in mix- 
ture. 

[0117] Especially, a material containing a major com- 
ponent of lead zirconate, lead titanate, and lead mag- 
nesium niobate, or a material containing a major com- 
ponent of sodium bismuth titanate is preferably used, in 
order to obtain the product having a stable composition 
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with a high electromechanical coupling factor and a pi- 
ezoelectric constant and with small reactivity with the 
thin plate sections 16a, 16b (ceramics) during the sin- 
tering of the piezoelectric/electrostrictive layer 26. 
[01 18] It is also preferable to use ceramics obtained 
by adding, to the material described above, for example, 
oxides of lanthanum, calcium, strontium, molybdenum, 
tungsten, barium, niobium, zinc, nickel, manganese, ce- 
rium, cadmium, chromium, cobalt, antimony, iron, yt- 
trium, tantalum, lithium, bismuth, and stannum singly or 
in mixture. 

[0119] For example, when lanthanum and/or stron- 
tium is contained in the major components of lead zir- 
conatc, lead titanatc, and load magnesium niobatc, an 
advantage is obtained in some cases, for example, in 
such a way that the coercive electric field and the pie- 
zoelectric characteristic can be adjusted. 
[0120] it is desirable to avoid the addition of a material 
such as silica which tends to form glass, because of the 
following reason. That is, the material such as silica 
tends to react with the piezoelectric/electrostrictive ma- 
terial during the heat treatment for the piezoelectric/ 
electrostriclive layer 26. As a result, the composition is 
varied, and the piezoelectric characteristic is deteriorat- 
ed. 

[01 21 ] On the other hand, it is preferable that the pair 
of electrodes 28. 30 of the piezoelectric/electrostrictive 
element 24a, 24b are made of metal which is solid at 
room temperature and which is excellent in conductivity. 
For example, it is possible to use metal simple sub- 
stance or alloy of, for example, aluminum, titanium, 
chromium, iron, cobalt, nickel, copper, zinc, niobium, 
molybdenum, ruthenium, palladium, rhodium, silver, 
stannum, tantalum, tungsten, iridium, platinum, gold, 
and lead. It is also preferable to use a cermet material 
obtained by dispersing, in the metal described above, 
the same material as that of the piezoelectric/electros- 
trictive layer 26 or the thin plate section 16a, 16b. 
[0122] The material for the electrodes 28, 30 of the 
piezoelectric/electrostrictive element 24a, 24b is select- 
ed and determined depending on the method forforming 
the piezoelectric/electrostrictive layer 26. For example, 
when the piezoelectric/electrostrictive Iayer26 is formed 
by sintering on the first electrode 28 after the first elec- 
trode 28 is formed on the thin plate section 16a, 16b, it 
is necessary for the first electrode 28 to use high melting 
point metal such as platinum, palladium, platinum-pal- 
ladium alloy, and silver-palladium alloy which does not 
change at the sintering temperature for the piezoelec- 
tric/electrostrictive layer 26. However, the electrode for- 
mation can be performed at a low temperature for the 
second electrode 30 which is formed on the piezoelec- 
tric/electrostrictive layer 26 after forming the piezoelec- 
tric/electrostrictive layer 26. Therefore, it is possible for 
the second electrode 30 to use low melting point metal 
such as aluminum, gold, and silver. 
[0123] The thickness of the electrode 28, 30 also 



placement of the piezoelectric/electrostrictive element 
24a, 24b. Therefore, it is preferable, especially for the 
electrode formed afler the sintering of the piezoelectric/ 
electrostrictive layer 26. to use organic metal paste ca- 
j pable of obtaining a dense and thinner film after the sin- 
tering, for example, a material such as gold resinate 
paste, platinum resinate paste, and silver resinate 
paste. 

[0124] Next, explanation will be made with reference 
10 to FiGS. i/A to 26 for several methods for producing 
the piezoelectric/electrostrictive device 10A according 
to the first embodiment. 

[0125] Ceramics is preferably used for the constitutive 
material for each of the members of the piezoelectric/ 

15 electrostrictive device 1 0A according to the first embod- 
iment. It is preferable that the constitutive elements of 
the piezoelectric/electrostrictive device 10A concerning 
the substrate 14 except for the piezoelectric/electros- 
trictive elements 24a, 24b, i.e., the thin plate sections 

20 1 6a, 1 6b, the fixation section 22, and the movable sec- 
tion 20 are produced by using the ceramic green sheet- 
laminating method. On the other hand, it is preferable 
that the piezoelectric/electrostrictive elements 24a, 24b 
as well as the respective terminals 32, 34 are produced 

25 by using the film formation method, for example, for the 
thin film and the thick film. ' . 

[0126] According to. the ceramic green sheet-laminat- 
ing method in which the respective members of the sub- 
strate 14 of the piezoelectric/electrostrictive device 10A 

30 can be formed in an integrated manner the time-de- 
pendent change of state scarcely occurs at the joined 
portions of the respective members. Therefore, this 
method provides the high reliability of the joined portion, 
and it is advantageous to ensure the rigidity. 

35 [0127] In the piezoelectric/electrostrictive device 10A 
according to the first embodiment, the boundary portion 
(joined portion) between the thin plate section 1 5a, 1 5b 
and the fixation section 22 and the boundary portion 
(joined portion) between the thin plate section 16a, 16b 

40 and the movable section 20 function as supporting 
points for expressing the displacement. Therefore, the 
reliability of the joined portion is an important point which 
dominates the characteristic of the piezoelectric/elec- 
trostrictive device 10A. 

45 [0128] The production methods described below are 
excellent in reproducibility and formability. Therefore, it - 
is possible to obtain the piezoelectric/electrostrictive de- 
vice 10A having a predetermined shape within a short 
period of time with good reproducibility. 

so [0129] A first production method for the piezoelectric/ 
electrostrictive device 1 0A according to the first embod- 
iment will be specifically explained below. The following 
definitions are now made. The laminate, which is ob- 
tained by laminating the ceramic green sheets, is de- 

55 fined to be the ceramic green laminate 58 (see, for ex- 
ample, FIG. 17B). The integrated matter, which is ob- 
tained by sintering the ceramic green laminate 58, is de- 
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FIG. 1 8). The integrated matter comprising the movable 
section 20, the thin plate sections 1 6a, 1 6b, and the fix- 
ation section 22, which is obtained by cutting off unnec- 
essary portions from the ceramic laminate 60. is defined 
to be the ceramic substrate 14C (see FIG. 19). 
[01 30] In the first production method, the ceramic lam- 
inate 60 is finally cut into chip units to produce a large 
number of piezoelectric/electrostrictive devices 10A. 
However, in order to simplify the explanation, descrip- 
tion will be made principally for the case in which one 
individual of piezoelectric/electrostrictive device 10A is 
produced. 

[01 31 ] At first, for example, a binder, a solvent, a dis- 
persing agent, and a plasticizcr are added and mixed 
with a ceramic powder such as zirconia to prepare a 
slurry. The slurry is subjected to a degassing treatment, 
and then a ceramic green sheet having a predetermined 
thickness is prepared in accordance with, for example, 
the reverse roll coater method and the doctor blade 
method. 

[0132] Subsequently, the ceramic green sheet is 
processed into those having various shapes as shown 
in FIG. 17A in accordance with, for example, a method 
such as the punching out based on the die and the laser 
machining to obtain a plurality of ceramic green sheets 
50A to SOD, 52A. 52B for forming the substrate. 
[0133] The ceramic green sheets 50A to SOD, 52A, 
52B include the plurality (for example, four) of ceramic 
green sheets 50A to 500 each of which is continuously 
formed with at least a window 54 for forming the hole 1 2 
thereafter and a window 56 for forming the cutout 
(through-hole 36) thereafter, and the plurality (for exam- 
ple, two) of ceramic green sheets 52A, 52B to be formed 
into the thin plate sections 16a, 1 6b thereafter. The num- 
bers of ceramic green sheets referred to above are per- 
sistently by way of example. 
[0134] After that, as shown in FIG. 17B, the ceramic 
green sheets 50 A to SOD, 52A, 52B are stacked and se- 
cured under pressure so that the ceramic green sheets 
50A to SOD are interposed between the ceramic green 
sheets 52A, 52B to form a ceramic green laminate 58. 
Subsequently, the ceramic green laminate 58 is sintered 
to obtain a ceramic laminate 60 (see FIG. 18). 
[0135] It is noted that there is' no limitation for the 
number of pressure-securing process or processes and 
the sequence for the purpose of the laminating and in- 
tegration into one unit. These factors can be appropri- 
ately determined depending on the structure, for exam- 
ple, so that the desired structure is obtained on the basis 
of, for example, the shape of the windows 54, 56 and 
the number of ceramic green sheets. 
[01 36] It is unnecessary that the shape of the windows 
54, 56 is identical in all cases. The shape of the windows 
54, 56 can be determined depending on the desired 
function. There is also no limitation for the number of 
ceramic green sheets and the thickness of each of the 
ceramic green sheets. 

fOi 37] In the pressure-securing process, it is possible 



to further improve the laminating performance by apply- 
ing the heat. The laminating performance at the bound- 
ary of the ceramic green sheet can be improved by pro- 
viding an auxiliary joining layer, for example, by applying 

5 and printing, onto the ceramic green sheet, a paste or 
a slurry principally containing a ceramic powder (it is 
preferable to use a composition which is the same as or 
similar to that of the ceramics used for the ceramic green 
sheet in order to ensure the reliability), and a binder. 

w When the ceramic green sheets 52A, 52B are thin, it is 
preferable to handle them with a plastic film, especially 
with a polyethylene terephthalate film coated with a re- 
leasing agent based on silicone on the surface. 
[0138] Subsequently, as shown in FIG. 18, the piezo- 

15 electric/electrostrictive elements 24a, 24b are formed 
respectively on the both surfaces of the ceramic lami- 
nate 60, i.e., on the surfaces corresponding to the sur- 
faces at which the ceramic green sheets 52A, 52B are 
laminated. Those usable as the method for forming the 

20 piezoelectric/electrostrictive elements 24a, 24b include 
the thick film formation method such as the screen print- 
ing method, the dipping method, the coating method, 
and the electrophoresis method, and the thin film forma- 
tion method such as the ion beam method, the sputrer- 

25 ing method, the vacuum vapor deposition, the ion plat- 
ing method, the chemical vapor deposition method 
(CVD), and the plating. 

[0139] When the piezoelectric/electrostrictive ele- 
ments 24a, 24b are formed by using the 'film formation 

30 method as described above, the piezoelectric/electros- 
trictive elements 24a, 24b and thejthin plate sections 
16a, 16b can be integrally joined and arranged without 
using any adhesive. It is possible to ensure the reliability 
and the reproducibility, and it is easy to form the stack. 

35 [0140] In this case, it is preferable that the piezoelec- 
tric/el ectrostrictrve elements 24a, 24b are formed by 
means of the thick film formation method, because of 
the following reason. That is, especially, when the pie- 
zoelectric/electrostrictive !ayer26 is formed by using the 

40 thick film formation method, the film can be formed by 
using, for example, a paste, a slurry, a suspension, an 
emulsion, or a sol containing a major component of par- 
ticles or powder of piezoelectric ceramics having an av- 
erage particle size of 0.01 to 5 u.m, preferably 0.05 to 3 

45 jim. It is possible to obtain good piezoelectric/electros- 
trictive characteristics by sintering the formed film. 
[0141] The electrophoresis method is advantageous 
in that the film can be formed at a high density with a 
high shape accuracy The screen printing method is ad- 

so vantageous to simplify the production step, because it 
is possible to simultaneously perform the film formation 
and the pattern formation. 

[0142] Explanation will be specifically made for the 
formation of the piezoelectric/electrostrictive elements 
55 24a, 24b. At first, the ceramic green laminate 58 is sin- 
tered and integrated into one unit at a temperature of 
1200 °C to 1600 °C to obtain the ceramic laminate 60. 
After that, the first electrodes 28 are printed and sintered 
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at predetermined positions on the both surfaces of the 
ceramic laminate 60. Subsequently, the piezoelectric/ 
electrostrictive layers 26 are printed and sintered. Fur- 
ther, the second electrodes 30 are printed and sintered 
to form the piezoeiectric/electrostrictive elements 24a, 
24b. After that, the terminals 32, 34 are printed and sin- 
tered in order to electrically connect the respective efec- 
trodes 28, 30 to the driving circuit. 
[01 43] In this process, when the materials are select- 
ed so that the sintering temperature for each of the 
members is lowered in accordance with the stacking se- 
quence, for example, when platinum (Pt) is used for the 
first electrode 28, lead zirconate titanate (PZT) is used 
for the piezoeiectric/electrostrictive layer 26, gold (Au) 
is used for the second electrode 30, and silver (Ag) is 
used for the terminafs 32, 34, then the material, which 
has boon already sintcrod beforehand, is not sintered 
again at a certain sintering stage. Thus, it is possible to 
avoid the occurrence of inconvenience such as peeling 
off and aggregation of the electrode material or the like. 
[0144] When appropriate materials are selected, it is 
also possible to successively print the respective mem- 
bers of (he piezoeiectric/electrostrictive elements 24a. 
24b and the terminals 32, 34, followed by the sintering 
one time. Further, it is also possible to provide, for ex- 
ample, the respective electrodes 30 at a low tempera- 
ture after forming the piezoeiectric/electrostrictive lay- 
ers 26. 

[01 45] Alternatively, the respective members of the pi- 
ezoeiectric/electrostrictive elements 24a, 24b and the 
terminals 32, 34 may be forfned by means of the thin 
film formation method such as the sputtering method 
and the vapor deposition method. In this case, it is not 
necessarily indispensable to perform the heat treat- 
ment. 

[0146] When the piezoeiectric/electrostrictive ele- 
ments 24a, 24b are formed, it is also preferable that the 
piezoeiectric/electrostrictive elements 24a, 24b are pre- 
viously formed on the both surfaces of the ceramic 
green laminate 58, i.e., on the respective surfaces of the 
ceramic green sheets 52A, 52B, and the ceramic green 
laminate 58 and the piezoeiectric/electrostrictive ele- 
ments 24a, 24b are simultaneously sintered or co-fired. 
For example, the following methods are available to per- 
form the co-firing. That is, the sintering may be per- 
formed for all of the constitutive films of the ceramic 
green laminate 58 and the piezoeiectric/electrostrictive 
elements 24a, 24b. The first electrodes 26 and the ce- 
ramic green laminate 58 may be co-fired, or the other 
constitutive films except for the second electrodes 30 
and the ceramic green laminate 58 may be co-fired. 
[0147] The following method is available to co-fire the 
piezoeiectric/electrostrictive elements 24a, 24b and the 
ceramic green laminate 58. That is, precursors of the 
piezoeiectric/electrostrictive layers 26 are formed, for 
example, in accordance with the tape formation method 
based on the use of a slurry material. The precursors of 



sintering are laminated on the surfaces of the ceramic 
green laminate 58. for example, by means of the thermal 
secuting process under pressure, followed by the co- 
firing to simultaneously produce the movable section 20, 

5 the thin plate sections 1 6a, 1 6b, the piezoeiectric/elec- 
trostrictive layers 26. and the fixation section 22. How- 
ever, in this method, it is necessary to form the elec- 
trodes 28 beforehand on the surfaces of the ceramic 
green laminate 58 or on the piezoeiectric/electrostrictive 

10 layers 26 by using the film formation method described 
above. 

[0148] Another method is also available. That is, the 
electrodes 28, 30 and the piezoeiectric/electrostrictive 
layers 26, which are the respective constitutive layers 
• is of the piezoeiectric/electrostrictive elements 24a, 24b, 
are formed by means of the screen printing on portions 
to bo finally formed into at least the thin plate sections 
1 6a, 1 6b of the ceramic green laminate 58, followed by 
the co-firing. 

20 [0149] The sintering temperature of the constitutive 
film of the piezoeiectric/electrostrictive element 24a, 
24b is appropriately determined depending on the ma- 
terial for constructing the same. However, the sintering 
temperature is generally 500 °C to 1500 °C. The sinter- 

25 ing temperature is preferably 1 000 °C to 1 400 °C for the 
piezoeiectric/electrostrictive layer 26. In this case, in or- 
der to control the composition of the piezoeiectric/elec- 
trostrictive layer 26, the sintering is preferably per- 
formed in the presence of an evaporation source of the 

30 material of the piezoeiectric/electrostrictive layer 26. 
When the piezoeiectric/electrostrictive layers 26 and the 
ceramic green laminate 58 are co-fired, it is necessary 
to conform the sintering conditions of the both. The pi- 
ezoeiectric/electrostrictive element 24a, 24b is not nec- 

35 essarily formed on the both surfaces of the ceramic lam- 
inate 60 or the ceramic green laminate 58. It is of course 
allowable to form the piezoeiectric/electrostrictive ele- 
ment 24a, 24b on only one surface. 
[0150] Subsequently, unnecessary portions are cut 

40 off from the ceramic laminate 60 formed with the piezo- 
eiectric/electrostrictive elements 24a, 24b as described 
above. The cutoff positions are located at side portions 
of the ceramic laminate 60, especially at portions at 
which the hole 12 based on the window 54 is formed on 

45 the side surfaces of the ceramic laminate 60 by means 
of the cutoff (see cutting lines C1 and C2), and at por- 
tions at which the through-hole 36 based on the window 
56 is formed at the portion of the movable section 20 of 
the ceramic laminate 60 by means of the cutoff (see cut- 

so ting line C3). As a result of the cutoff, as shown in FIG. 
19, the piezoeiectric/electrostrictive device 10A is com- 
pleted, which comprises the piezoeiectric/electrostric- 
tive elements 24a, 24b formed on the ceramic substrate 
14C integrated with the movable section 20 formed with 

55 the through-hole 36 in the axial direction, the pair of thin 
plate sections 16a, 26b, and the fixation section 22. 
[0151] Those applicable as the cutoff method include 
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and the wire saw machining as well as the electron 
beam machining and the laser machining based on the 
use of, for example, the YAG laser and the excimer la- 
ser. It is preferable that the heat treatment is performed 
at 300 to 800 °C for the piezoelectric/electrostrictive de- 5 
vice 10A after the cutoff, because of the following rea- 
son. That is, any defect such as microcrack tends to oc- 
cur in the device as a result of the machining, while the 
defect can be removed by means of the heat treatment 
described above, and the reliability is improved. Further, *o 
it is preferable to apply the aging treatment by being left 
to stand for at least 10 hours at a temperature of about 
80 °C after the heat treatment, because of the following 
reason. That is, when the aging treatment is performed, 
for example, the various stresses, which have been ex- ^ 
erted during the production process, can be mitigated 
to contribute to the improvement in characteristic. 
[01 52] The first embodiment described above is illus- 
trative of the case in which the movable section 20, the 
fixation section 22, and the thin plate sections 1 6a, 1 6b 20 
are constructed by the ceramic substrate 14C. Alterna- 
tively, each of the parts may be made of a metal material. 
Further alternatively, each of the pans may be made to 
provide a hybrid structure obtained by combining those 
produced with materials of ceramics and metal. In this 25 
case, in order to join the metal materials to one another 
and/or join the ceramic and metal materials to one an- 
other, it is possible to use adhesion with organic resin 
or glass, brazing, soldering, eutectic bonding, or weld- 
ing. * 30 
[0153] Explanation will be mad| with reference to 
FIGS. 20A to 26, for example, for production methods 
(second and third production methods) for piezoelectric/ 
electrostrictive devices (piezoelectricyelcctrostrictive 
devices lOAk and lOAm according to eleventh and 35 
twelfth modified embodiments) having the hybrid struc- 
ture in which the movable section 20 and the fixation 
section 22 are made of ceramics, and the thin plate sec- 
tions 16a, 16b are made of metal. The substrate con- 
taining metal and ceramics, which is produced by the to 
second and third production methods, is referred to as 
the substrate 14D. 

[0154] In the second production method, at first, as 
shown in FIG. 20A, a plurality (for example, four) of 
frame-shaped ceramic green sheets 50A to 50D each *s 
of which is continuously formed with at least a window 
54 for forming the hole 12 thereafter and a window 56 
for forming the cutout (through-hole 36) thereafter are 
prepared. 

[0155] After that, as shown in FIG. 20B, the ceramic so 
green sheets 50A to SOD are laminated and secured un- 
der pressure to form a ceramic green laminate 1 58. After 
that, as shown in FIG. 21 A, the ceramic green laminate 
1 56 is sintered to obtain a ceramic laminate 1 60. At this 
stage, the ceramic laminate 1 60 is formed such that the ^ 
hole 130 is formed by the windows 54, 56. 
[0156] Subsequently, as shown in FIG. 21 B, the pie- 
/oelectric/Glectrostrictive elements 24a, 24b. which am 



constructed as separate members, are respectively 
bonded with an epoxy adhesive to the surfaces of metal 
plates 152A, 152B to serve as the thin plate sections. 
The separate members of the piezoelectric/electrostric- 
tive elements 24a, 24b can be formed, for example, in 
accordance with the ceramic green sheet-laminating 
method and the screen printing method. 
[0157] Subsequently the metal plates 152A. 152B 
are bonded to the ceramic laminate 160 with the epoxy 
adhesive so that the ceramic laminate 1 60 is interposed 
between the metal plates 1 52A, 1 52B and the hole 1 30 
is closed thereby to provide a hybrid laminate 1 62 (see 
FIG. 22). 

[0158] Subsequently, as shown in FIG. 22, the hybrid 
laminate 162, which is formed with the piezoelectric/ 
electrostrictive elements 24a, 24b, is cut along cutting 
lines Ci , C2, C3 to thereby cut off side portions and for- 
ward end ponions of the hybrid laminate 1 62. As a result 
of the cutoff, as shown in FIG. 23, the piezoelectric/elec- 
trostrictive device lOAk according to the eleventh mod- 
ified embodiment is obtained, in which the piezoelectric/ 
electrostrictive elements 24a, 24b are formed on the thin 
plale sections 16a, 1 6b constituted by the metal plates 
1 52A, 1 52B, of the substrate 1 4D, and the movable sec- 
tion 20 having the through-hole 36 is formed. 
[0159] On the other hand, in the third production 
method, at first, a plurality (for example, four) of frame- 
shaped ceramic green sheets 50A to SOD each of which 
is continuously formed with at least a window 54 for 
forming the hole 1 2 thereafter and a window 56 for form- 
ing the cutout (through-hole 36) thereafter are prepared. 
The ceramic green sheets 50A to SOD are laminated and 
secured under pressure to form a ceramic green lami- 
nate 158 (see FIGS. 20A and 20B). 
[0160] After that, the ceramic green laminate 158 is 
sintered to obtain a ceramic laminate 160 as shown in 
FIG. 24A. At this stage, the ceramic laminate 160 is 
formed such that the hole 130 is formed by the windows 
54, 56, 

[0161] Subsequently, as shown in FIG.24B, the metal 
plates 152A, 152B are bonded to the ceramic laminate 
1 60 with an epoxy adhesive so that the ceramic laminate 
160 is interposed between the metal plates 152A, 152B 
and the hole 130 is closed thereby to provide a hybrid 
laminate 162. In this procedure, when the piezoelectric/ 
electrostrictive elements 24a, 24b are stuck to the sur- 
faces of the bonded metal plates 152A, 152B, the hole 
1 30 is optionally filled with a filler material 1 64 as shown 
in FIG. 24A so that a sufficient pressure may be applied 
for bonding. 

[0162] It is necessary to finally remove the filler ma- 
terial 164. Therefore, it is preferable to use a hard ma- 
terial which is easily dissolved in a solvent or the like. 
The materia! includes, for example, organic resin, wax, 
and brazing filler material. It is also possible to adopt a 
material obtained by mixing ceramic powder as a filler 
with organic resin such as acrylic. 
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electric/Gtectrosrrictive elements 24a, 24b. which are 
constructed as separate members, are bonded with an 
epoxy adhesive to the surfaces of the metal plates 1 52A, 
1 52B of the hybrid laminate 1 62. The separate members 
of the piezoelectric/electrostrictive elements 24a, 24b 5 
can be formed, for example, in accordance with the.ee- 
ramic green sheet-laminating method and the -screen 
printing method. . 
[0164] Subsequently, the hybrid laminate 162, which 
is formed with the piezoelectric/electrostrictive elements >o 
24a, 24b, is cut along cutting lines C1 , C2, C5 to thereby 
cut off side portions and forward end portions of the hy- 
brid laminate 162. As a result of the cutoff, as shown in 
FIG. 26, the piezoelectric/electrostrictive device lOAm 
according to the twelfth modified embodiment is ob- * 5 
tained, in which the piezoelectric/electrostrictive ele- 
ments 24a, 24b are formed on the thin plate sections 
1 6a, 1 6b constituted by the metal plates 1 52A, 1 52B, of 
the substrate 14D, and the movable section 20 having 
the through-hole 36 is formed. 20 
[0165] When all of the substrate section is made of 
metal, for example, the portions corresponding to the 
ceramic laminate 1 60 shown in FIG. 21 A are formed by 
means of molding. Further, thin metal materials may be 
laminated to form the substrate section in accordance 25 
with the cladding method. 

[0166] Next, explanation wilt be made for a piezoelec- 
tric/electrostrictive device 103 according to the second 
embodiment with reference to FIGS. 27 to 30. Compo- 
nents or parts corresponding to those shown in FIG. 1 30 
are designated by the same reference numerals, dupli- 
cate explanation of which will be omitted. 
[0167] As shown in FIG. 27, the piezoelectric/elec- 
trostrictive device 108 according to the second embod- 
iment is constructed in approximately the same manner 35 
as the piezoelectric/electrostrictive device 10A accord- 
ing to the first embodiment described above. However, 
the former is different from the latter in that the movable 
section 20 is constructed to have an empty vessel struc- 
ture. Specifically, the inside of the movable section 20 «o 
is hollow (hollow section 70), and the forward end there- 
of is a closed surface 72. For example, a rectangular 
through-hole 74 is formed on the side wall. 
[0168] Also in the piezoelectric/electrostrictive device 
1 0B according to the second embodiment, the movable 
section 20 is allowed to have a light weight, in the same 
manner as in the piezoelectric/electrostrictive device 
1 0A according to the first embodiment described above. 
Therefore, it is possible to increase the resonance fre- 
quency without decreasing the displacement amount of so 
the movable section 20, 

[0169] The hollow section 70 and the through-hole 74 
are formed for the movable section 20. Accordingly, the 
rigidity of the movable section 20 can bo appropriately 
lowered, and the displacement in the X axis direction ss 
can be effectively increased without increasing the flap- 
ping displacement (displacement in the Y axis direc- 



[0170] Further, a variety of members may be inserted 
and attached to the hollow section 70 and the through- 
hole 74. Accordingly, an advantage is obtained such that 
the fixing and bonding area for the member can be in- 
creased and the reliability of joining is enhanced, and/ 
or an advantage is obtained such that it is possible to 
make the thickness to be thin or realize a small size of 
the piezoelectric/electrostrictive device 10B attached 
with a variety of members. 

[0171] The effect to realize the high resonance rre- 
quency, which is brought about by the realization of the 
light weight of the piezoelectric/electrostrictive device 
1 0B according to the second embodiment, is slightly in- 
ferior to that of the piezoelectric/electrostrictive device 
1 0A according to the first embodiment described above. 
However, the mechanical strength is excellent. There- 
fore, an advantage is obtained such that the degree of 
freedom is high when a variety of members or parts are 
attached to the movable section 20, and it is easy to per- 
form the design. 

[0172] The same steps as those executed in the 
method for producing the piezoelectric/electrostrictive 
device 1 0A according to the first embodiment described 
above are also executed when the piezoelectric/elec- 
trostrictive device 10B according to the second embod- 
iment is produced. * 
[0173] A production method, which follows the first 
production method described above, will be explained 
below. At first, as shown in FIG. 28A, for example, a 
method such as the punching out based on the die or 
the laser machining is used to prepare a plurality (for 
example, four) of ceramic green sheets 50A to SOD con- 
tinuously formed with at least a window 54 for forming 
the hole 12 thereafter and a window 80 for forming the 
hollow section 70 thereafter, and a plurality (for exam- 
ple, two) of ceramic green sheets 52A, 52B for forming 
the thin plate sections 16a, 16b thereafter, having the 
through-hole 74 at a portion corresponding to the win- 
dow 80. 

[0174] After that, as shown in FIG. 28B, the ceramic 
green sheets 50A to 50D, 52A, 52B are laminated and 
secured under pressure so that the ceramic green 
sheets 50A to SOD are interposed between the ceramic 
green sheets 52A, 52B to provide a ceramic green lam- 
inate 58. After that, as shown in FIG. 29, the ceramic 
green laminate 58 is sintered to obtain a ceramic lami- 
nate 60. 

[0175] After that, as shown in FIG. 29, the piezoelec- 
tric/electrostrictive elements 24a, 24b are formed on 
both surfaces of the ceramic laminate 60, i.e., on sur- 
faces corresponding to the surfaces at which the ceram- 
ic green sheets 52A, 52B are laminated. 
[0176] Subsequently, unnecessary portions are cut 
off from the ceramic laminate 60 which is formed with 
the piezoelectric/electrostrictive elements 24a, 24b as 
described above. The cutoff is performed at positions 
corresponding to side portions of the ceramic laminate 
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the window 54 is formed at the side surface of the ce- 
ramic laminate 60 by the cutoff (see cutting lines C 1 and 
C2), and a portion al which the hollow section 70 based 
on the window 80 is formed at the portion of the movable 
section 20 of the ceramic laminate 60 (see cutting fine 
C4). As a result of the cutoff, as shown in FIG. 30, the 
piezoelectric/electrostrictive device 1 0B is completed, in 
which the piezoelectric/electrostrictive elements 24a, 
24b are formed on a ceramic substrate 14C integrated 
with the movable section 20 formed with the hollow sec- 
tion 70 and the through-hole 74, the pair of thin plate 
sections 16a, 16b, and the fixation section 22. 
[01771 The embodiment described above is illustra- 
tive of the case to follow the first production method. Al- 
ternatively, the piezoelectric/electrostrictive device 10B 
may be produced in accordance with the second pro- 
duction method or the third production method based 
on the use of the metal plates 152A, 152B. 
[01 78] Next, explanation will be made for a piezoelec- 
tric/electrostrictive device 1 0C according to the third em- 
bodiment with reference to FIG. 31. Components or 
parts corresponding to those shown in FIG. 1 are des- 
ignated by the same reference numerals, duplicate ex- 
planation of which will be omitted. 
[0179] As shown in FIG. 31. the piezoelectric/elec- 
trostrictive device 10C according to the third embodi- 
ment is constructed in approximately the same manner 
as the piezoelectric/electrostrictive device 10A accord- 
ing to the first embodiment described above. However, 
the former is different from the latter in that a portion of 
the movable section 20, which corresponds to the prin- 
cipal surface disposed oppositely to the front surface 
20b, is eliminated, and the movable section 20 is cut off 
to a great extent (cutout 120). 
[01 80] In this embodiment, the thickness h of the side 
surface 20c of the movable section 20 is the same as 
the thickness d of the thin plate sections 16a, 16b. 
[0181] The piezoelectric/electrostrictive device 10C 
according to the third embodiment is also formed with 
the cutout 120, and thus the movable section 20 is al- 
lowed to have a light weight, in the same manner as the 
piezoelectric/electrostrictive device 10A according to 
the first embodiment. Therefore, it is possible to in- 
crease the resonance frequency without decreasing the 
displacement amount of the movable section 20. Espe- 
cially, in the third embodiment, the weight can be greatly 
reduced. Therefore, it is possible to increase the areal 
size of the entire piezoelectric/electrostrictive device 
10C orthe movable section 20. It is possible to improve 
the degree of freedom concerning the attachment of a 
variety of members or parts. 
[0182] The cutout 120 is formed for the movable sec- 
tion 20. Accordingly, the rigidity of the movable section 
20 can be appropriately lowered, and the displacement 
in the X axis direction can be effectively increased with- 
out increasing the flapping displacement (displacement 
in the Y axis direction). 

[0183] When a variety of members or parts arc at- 



tached, then the member or the part may be fixed in a 
form of being fitted on the side of the cutout 120, or it 
may be fixed on the back surface side thereof, i.e., on 
the side of the front surface 20b of the movable section 

5 20. When the fixation is effected on the side of the cutout 
1 20. there are obtained an advantage that the thickness 
of the piezoelectric/electrostrictive device 10C attached 
with the member or the part can be made thin, and an 
advantage that the fixing area for the memberor the part 

w can be enlarged. 

[0184] The strength of the structure is lowered as 
compared with the piezoelectric/electrostrictive device 
10A according to the first embodiment. Therefore, it is 
preferable that the thickness i of the front surface 20b 

is of the movable section 20 is made thicker than that in 
the first embodiment. 

[0185] When the piezoelectric/electrostrictive device 
IOC according to the third embodiment is produced, the 
same steps as those used in the production method for 

20 the piezoelectric/electrostrictive device 10A according 
to the first embodiment described above are executed. 
However, explanation therefor is omitted. 
[0186] A partition 38 may be provided between the 
cutout 120 and the hole 12, as in a piezoelectric/elec- 

25 trostrictive device 1 0Ca according to a modified embod- 
iment shown in FIG. 32. In this case, when a variety of 
members or parts are inserted into the cutout 36 to be 
fixed, the member or the part can be easily positioned 
by the aid of the partition 38. It is possible to reduce the 

30 dispersion of the characteristic of the final product. Fur- 
ther, it is possible to utilize the four or five surfaces as 
the bonding and fixing surfaces. Thus, the reliability is 
improved for the attachment of the member or the part. 
[01 87] Next, explanation will be made for a piezoeiec- 

35 tric/electrostrictive device 10D according to the fourth 
embodiment with reference to FIGS. 33 to 36. Compo- 
nents or parts corresponding to those shown in FIG. 31 
are designated by the same reference numerals, dupli- 
cate explanation of which will be omitted. 

40 [0188] As shown in FIG. 33, the piezoelectric/elec- 
trostrictive device 10D according to the fourth embodi- 
ment is constructed in approximately the same manner 
as the piezoelectric/electrostrictive device 10C accord- 
ing to the third embodiment described above. However, 

45 the former is different from the latter in that the front sur- 
face 20b of the movable section 20 is located at an ap- 
proximately central position in the widthwise direction of 
the movable section 20 to construct a substantially H- 
shaped upper surface. That is, the piezoelectric/elec- 

so trostrictive device 10D is constructed such that cutouts 
90, 92 are provided for the both principal surfaces of the 
movable section 20 respectively. 
[01 89] Also in the piezoelectric/electrostrictive device 
10D according to the fourth embodiment, the movable 

55 section 20 is allowed to have a light weight, in the same 
manner as in the piezoelectric/electrostrictive device 
1 0A according to the first embodiment described above. 
Therefore, it is possible to increase the resonance fre- 
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quency without decreasing the displacement amount of 
the movable section 20. 

[0190] Especially, the piezoelectric/electrostrictive 
device 10D according to the fourth embodiment has 
such a form that the side surfaces 20c of the movable J 
. section 20 are connected via the front surface 20b at 
positions symmetrical to one another in the widthwise 
direction. Therefore, a feature is obtained such that the 
flapping is decreased in the Y axis direction, as the dis- 
placement form. 10 
[01 91 ] When the front surface 20b, which is formed at 
the deep position, is utilized as an attachment surface 
for a variety of members or parts, then the member or 
the part is attached so that it is fitted, and the member 
or the part can be supported with the three surfaces of 15 
the back surface of the front surface 20b and the pair of 
inner wall surfaces of the side surfaces 20c of the mov- 
able section 20. Therefore, it is possible to reliably hold 
a part which is larger than the movable section 20. 
[0192] In other words, the cutouts 90, 92 are formed 20 
for the movable section 20. Accordingly, the rigidity of 
the movable section 20 can be appropriately lowered, 
and the displacement in the X axis direction can be ef- 
fectively increased without increasing the flapping dis- 
placement (displacement in the Y axis direction). 25 
[0193] When a variety of members or parts are at- 
tached, then the member or the part may be fixed in a 
form of being fitted to the cutout 90, 92. In this case, 
there are obtained an advantage that the thickness of 
the piezoelectric/electrostrictive device 10D attached 30 
with the member or the part can be made thin, and an 
advantage that the fixing area forthe member or the part 
can be enlarged. 

[0194] The same steps as those executed in the 
method for producing the piezoelectric/electrostrictive 35 
device 1 0A according to the first embodiment described 
above are also executed when the piezoelectric/elec- 
trostrictive device 10D according to the fourth embodi- 
ment is produced. 

[0195] A production method, which follows the first 
production method described above, will be explained 
betow. At first, as shown in FIG. 34A, for example, a 
method such as the punching out based on the die or 
the laser machining is used to prepare a plurality (for 
example, four) of ceramic green sheets 50A to 50D con- ^ 
tinuously formed with at least a window 54 for forming 
the hole 1 2 thereafter and windows 1 00, 1 02 for forming 
the cutouts 90, 92 thereafter, and a plurality (for exam- 
ple, two) of ceramic green sheets 52A, 52B for forming 
the thin plate sections 16a, 16b thereafter. 50 
[0196] After that, as shown in FIG. 34B, the ceramic 
green sheets 50A to 50D, 52A, 52B are laminated and 
secured under pressure so that the ceramic green 
sheets 50A to SOD are interposed between the ceramic 
green sheets 52A, 52B to provide a ceramic green lam- 55 
inate 58. After that, as shown in FIG. 35, the ceramic 
green laminate 58 is sintered to obtain a ceramic lami- 



[0197] After that, as shown in FIG. 35, the piezoelec- 
tric/electrostrictive elements 24a, 24b are formed on 
both surfaces of the ceramic laminate 60, i.e., on sur- 
faces corresponding to the surfaces at which the ceram- 
ic green sheets 52A, 52B are laminated. 
[0198] Subsequently, unnecessary portions are cut 
off from the ceramic laminate 60 which is formed with 
the piezoelectric/electrostrictive elements 24a, 24b as 
described above. The cutoff is performed at positions 
corresponding to side portions of the ceramic laminate 
60, especially portions at which the hole 12 based on 
the window 54 is formed at the side surface of the ce- 
ramic laminate 60 by the cutoff (see cutting lines C1 and 
C2), and a portion at which the cutouts 90, 92 based on 
the windows 1 00, 1 02 are formed at the portions of the 
movable section 20 of the ceramic laminate 60 (see cut- 
ting line C3). As a result of the cutoff, as shown in FIG. 
36, the piezoelectric/electrostrictive device 10D is com- 
pleted, in which the piezoelectric/electrostrictive ele- 
ments 24a, 24b are formed on a ceramic substrate 14C 
integrated with the movable section 20 having the sub- 
stantially H-shaped upper surface, the pair of thin plate 
sections 16a, 16b, and the fixation section 22. 
[01 99] Next, explanation will be made for a piezoelec- 
tric/electrostrictive device 1 0E according to the fifth em- 
bodiment with reference to FIG. 37. Components or 
parts corresponding to those shown in FIG. 31 are des- 
ignated by the same reference numerals, duplicate ex- 
planation of which will be omitted. 
[0200] As shown in FIG. 37, the piezoelectric/elec- 
trostrictive device 1 0E according to the fifth embodiment 
is constructed in approximately the same manner as the 
piezoelectric/electrostrictive device 10C according to 
the third embodiment described above (see FIG. 31). 
However, the former is different from the latter in that a 
portion of the side surface 20c of the movable section 
20 is partially eliminated. In other words, the movable 
section 20 is constructed by only the portion of the front 
surface 20b. 

[0201] Also in the piezoelectric/electrostrictive device 
1 0E according to the fifth embodiment, the movable sec- 
tion 20 is allowed to have a light weight, in the same 
manner as in the piezoelectric/electrostrictive device 
10A according to the first embodiment. Therefore, it is 
possible to increase the resonance frequency without 
decreasing the displacement amount of the movable 
section 20. Especially, in the fifth embodiment, the mov- 
able section 20 is constructed by only the minimum por- 
tion necessary to attach the part. Therefore, even when 
the area! size is enlarged in order to attach the part, it 
is possible to suppress the increase in mass of the mov- 
able section 20 to the minimum. Accordingly, the piezo- 
electric/electrostrictive device 10E according to the fifth 
embodiment is most suitable to realize the high reso- 
nance frequency. 

[0202] That is, the movable section 20 is constructed 
by only the portion of the front surface 20b. Accordingly, 
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ately lowered, and the displacement in the X axis direc- 
tion can be effectively increased without increasing the 
flapping displacement (displacement in the Y axis direc- 
tion). 

[0203] A variety of members or parts may be attached 
on the back surface side of the portion of the front sur- 
face 20b. In this case, there are obtained an advantage 
that the thickness of the piezoelectric/electrostrictive 
device 10E attached with the member or the part can 
be made thin, and an advantage that the member or the 
part can be fixed to be fitted into the hole 12, and thus 
it is possible to realize a small size of the piezoelectric/ 
eiectrostrictive device 1 0E attached with the member or 
the part. 

[0204] When the piezoelectric/electrostrictive device 
10E according to the fifth embodiment is produced, the 
same steps as those used in the production method for 
the piezoelectric/electrostrictive device 10A according 
to the first embodiment described above are executed. 
However, explanation therefor is omitted. 
[0205] Next, explanation will be made for a piezoelec- 
tric/electrostrictive device 1 0F according to the sixth em- 
bodiment with reference to FIGS. 38 to 42. Components 
or parts corresponding to those shown in FIG. t are des- 
ignated by the same reference numerals, duplicate ex- 
planation of which will be omitted. 
[0206] As shown in FIG. 38, the piezoelectric/elec- 
trostrictive device 10F according to the sixth embodi- 
ment is constructed in approximately the same manner 
as the piezoelectric/electrostrictive device 10A accord- 
ing to the first embodiment described above. However, 
the former is different from the latter in that the movable 
section 20 is solid without involving, for example, the 
hollow section and the through-hole, and a part of the 
inner wall 20a of the movable section 20 is expanded in 
the hole 1 2 (expanded section 1 1 0). In other words, the 
piezoelectric/electrostrictive device 1 0F is constructed 
such that the areal size of the front surface 20b of the 
movable section 20 is increased owing to the presence 
of the expanded section 110. 

[0207] In the piezoelectric/electrostrictive device 10F 
according to the sixth embodiment, for example, when 
a variety of members or parts are attached to the front 
surface 20b of the movable section 20, it is possible to 
increase the areal size of the front surface 20b (attach- 
ment surface for the member or the part in this case) of 
the movable section 20, without changing the maximum 
length of the piezoelectric/electrostrictive device 10F. 
[0208] In this embodiment, the weight is increased 
due to the provision of the expanded section 1 1 0. How- 
ever, the expanded section 110 is expanded toward the 
hole 1 2. Therefore, the center of gravity of the movable 
section 20 can be located at a position deviated toward 
the fixation section 22. Little influence is exerted by the 
decrease in resonance frequency brought about by the 
increase in weight. In this embodiment, the member or 
the part is attached at a position deviated toward the 
fixation section 22 as well. Therefore, the resonance fre- 



quency is scarcely decreased after attaching the mem- 
ber or the part, and the displacement of the movable 
section 20 is not decreased as well. In other words, the 
piezoelectric/electrostrictive device 10F is designed 
5 such that the resonance frequency is substantially im- 
proved. 

[0209] In otherwords, in the piezoelectric/electrostric- 
tive device 10? according to the sixth embodiment, the 
areal size of the attachment surface for the member or 

io the part is increased for the movable section 20, and the 
reliability is improved concerning the attachment of the 
member or the part, while the degree of influence on the 
resonance frequency (decrease in resonance frequen- 
cy) can be decreased, which would be otherwise caused 

15 when the attachment of the member or the part is con- 
sidered to be important. 

[0210] The same steps as those executed in the 
method for producing the piezoelectric/electrostrictive 
device 1 0A according to the first embodiment described 
20 above are also executed when the piezoelectric/elec- 
trostrictive device 10F according to the sixth embodi- 
ment is produced. 

[0211] A production method, which follows the first 
production method described above, will be explained 

25 below. At first, as shown in FIG. 39A, for example, a 
method such as the punching out based on the die or 
the laser machining is used to prepare a plurality (for 
example, four) of first ceramic green sheets 50A to SOD 
having at least a window 54 for forming the hole 12 

30 thereafter and a projection 112 protruding toward the in- 
side of the window 54 for forming the expanded section 
110 thereafter, a plurality (for example, two) of second 
ceramic green sheets 1 1 6A, 11 6B formed with a window 
1 1 4 for forming the hole 1 2 thereafter, and a plurality (for 

35 example, two) of ceramic green sheets 52A, 52B for 
forming the thin plate sections 16a, 16b thereafter. 
[0212] After that, as shown in FIG. 39B, the first ce- 
ramic green sheets 50A to SOD are laminated and se- 
cured underpressure so that an obtained laminate (1am- 

40 inate of the first ceramic, green sheets 50A to SOD) is 
interposed between the second ceramic green sheets 
1 1 6A, 1 16B. Further, the first and second ceramic green 
sheets 50A to SOD, 116A, 116B are laminated and se- 
cured under pressure so that they are interposed be- 

45 tween the ceramic green sheets 52A, 52B to thereby 
provide a ceramic green laminate 58. After that, as 
shown in FIG. 40, for example, the ceramic green lam- 
inate 58 is sintered to obtain a ceramic laminate 60. 
[0213] After that, as shown in FIG. 41 , the piezoelec- 

so tric/electrostrictive elements 24a, 24b are formed on 
both surfaces of the ceramic laminate 60, i.e., on sur- 
faces corresponding to the surfaces at which the ceram- 
ic green sheets 52A, 52B are laminated. 
[0214] Subsequently, unnecessary portions are cut 

55 off from the ceramic laminate 60 which is formed with 
the piezoelectric/electrostrictive elements 24a, 24b as 
described above. The cutoff is performed at positions 
corresponding to side oortions of the ceramic laminate 
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60, especially portions at which the hole 1 2 based on 
the window 54 is formed at the side surface of the ce- 
ramic laminale 60 by the cutoff (see cutting lines C1 and 
C2). As a result of the cutoff, as shown in FIG. 41, the 
piezoelectric/electrostrictive device t OF is completed, in 
which the piezoelectric/electrostrictive elements 24a, 
24b are formed on a ceramic substrate 14C integrated 
with the movable section 20 having the expanded sec- 
tion 110 expanded toward the hole 12, the pair of thin 
piate sections 16a, 16b, and the fixation section 22. 
[0215] In this embodiment, the movable section 20 is 
constructed to be solid. Alternatively, as in a piezoelec- 
tric/electrostrictive device lOFa according to a modified 
embodiment shown in FIG. 42, various cutouts 36 (for 
example, the through-hole and the hollow section) may 
be provided, or the device may be constructed to have 
an empty vessel structure or a plate-shaped configura- 
tion with only a part attachment surface. In this case, it 
is advantageous to realize the high resonance frequen- 
cy, because the movable section 20 is allowed to have 
a light weight. The piezoelectric/electrostrictive device 
lOFa according to this modified embodiment is illustra- 
tive of ihc case in which a through-hole 36 having a rec- 
tangular cross section, which is continuously formed 
over a range from the forward end surface of the mov- 
able section 20 to the hole 12, is formed for the movable 
section 20 which is provided with the expanded section 
110 expanded toward the hole 12. 
[021 6] Next, explanation will be made for a piezoelec- 
tric/electrostrictive device 1 0G according to the seventh 
embodiment with reference to FIG .,43. Components or 
parts corresponding to those shown in FIG. 1 are des- 
ignated by the same reference numerals, duplicate ex- 
planation of which will be omitted. 
[0217] As shown in FIG. 43, the piezoelectric/elec- 
trostrictive device 1 0G according to the seventh embod- 
iment is constructed in approximately the same manner 
as the piezoelectric/electrostrictive device 1 OA accord- 
ing to the first embodiment described above. However, 
the former is different from the latter in that the areal size 
of the front surface 20b of the movable section 20 is wid- 
ened in the lateral direction (direction of the X axis). 
[0218] In this case, when the front surface of the mov- 
able section 20 is utilized as an attachment surface for 
a variety of members or parts, it is possible to improve 
the reliability concerning the attachment of the member 
-or the part, because the areal size of the front surface 
20b is widened. The front surface 20b may be produced 
in an integrated manner, for example, in accordance 
with the green sheet-laminating method, or it may be 
bonded as a separate member afterward. In this case, 
there is no special limitation for the materia! such as met- 
al and ceramics. 

[0219] The piezoelectric/electrostrictive devices 10A 
to 10G according to the first to seventh embodiments 
are illustrative of the individual adoption of the arrange- 
ment i n which the movable section 20 is allowed to have 



mem in which the expanded section 1 1 0 protruding from 
the movable section 20 to the hole 12 is provided (sixth 
embodiment), and the arrangement in which the areal 
si?e of the front surface 20b of the movable section 20 

5 is widened in the lateral direction (seventh embodiment) 
respectively. Alternatively, it is also preferable to com- 
bine the arrangement in which the movable section 20 
is allowed to have the light weight and the arrangement 
in which the expanded section 110 protruding from the 

w movable section 20 to the hole 12 is provided. In this 
case, it is possible to simultaneously realize the high 
resonance frequency owing to the light weight of the 
movable section 20 and the reliability of the attachment 
of the part, as well as the suppression of the decrease 

is in resonance frequency owing to the fact that the attach- 
ment position for the member or the part can be shifted 
toward the fixation side. 

[0220] It is also preferable to combine the arrange- 
ment in which the expanded section 1 1 0 protruding from 

20 the movable section 20 to the hole 12 is provided and 
the arrangement in which the areal size of the front sur- 
face 20b of the movable section 20 is widened in the 
lateral diicciion. In this case, il is possible to simultane- 
ously realize the reliability of the attachment of the part 

25 and the increase in displacement amount of the mova- 
ble section 20, as well as the suppression of the de- 
crease in resonance frequency owing to the fact that the 
attachment position for the member or the part cab be 
shifted toward the fixation side. 

30 [0221] Further, it is also preferable to combine all of 
the arrangements described above. In this case, it is 
possible to simultaneously realize the high resonance 
frequency owing to the light weight of the movable sec- 
tion 20, the increase in displacement amount of the mov- 

35 able section 20, and the reliability of the attachment of 
the part, as well as the suppression of the decrease in 
resonance frequency owing to the fact that the attach- 
ment position for the member or the part can be shifted 
toward the fixation side, 

40 [0222] The piezoelectric/electrostrictive device de- 
scribed above can be utilized as the active device in- 
cluding, for example, various transducers, various actu- 
ators, frequency region functional parts (filters), trans- 
formers, vibrators, resonators, oscillators, and discrim- 

45 inators for the communication and the power genera- 
tion, as well as the sensor element for various sensors 
including, for example, ultrasonic sensors, acceleration 
sensors, angular velocity sensors, shock sensors, and 
mass sensors. Especially, the piezoelectric/electrcstric- 

so tive device described above can be preferably utilized 
for various actuators to be used for the mechanism for 
adjusting the displacement and the positioning and for 
adjusting the angle for various precision parts such as 
those of optical instruments and precision mechanical 

55 equipments. 

[0223] it is a matter of course that the piezoelectric/ 
electrostrictive device and the method for producing the 
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to the embodiments described above, which may be 
embodied in other various forms without deviating from 
the gist or essential characlerislics of the present inven- 
tion. 



Claims 

1 . A piezoelectric/electrostrictive device comprising: 

a pair of mutually opposing thin plate sections 
(16a, 16b), a movable section (20), and a fixa- 
tion section (22) for supporting said thin plate 
sections (16a, 16b) and said movable section 

(20); 

one or more piezoelectric/electrostrictive ele- 
ments (24a, 24b) arranged on at least one thin 
plate section (1 6a, 1 5b) of said pair of thin plate 
sections (1 6a, 1 6b); and 
a hole (12) formed by both inner walls of said 
pair of thin plate sections (16a, 1 6b), an inner 
wall (20a) of said movable section (20), and an 
inner -wall (22a) of said fixation section (22), 
wherein: 

said movable section (20) has a cutout (36). 25 

2. The piezoelectric/electrostrictive device according 
to claim 1, wherein said cutout (36) includes a hol- 
low section and/or a through-hole provided for said 
movable section (20). & 
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3. The piezoelectric/electrostrictive device according 
to claim 1 or 2, wherein a part of said inner wall (20a) 
of said movable section (20) is expanded in said 
hole (12). 

4. A piezoelectric/electrostrictive device comprising: 

a pair of mutually opposing thin plate sections 
(16a, 16b), a movable section (20), and a fixa- 
tion section (22) for supporting said thin plate 
sections (16a, 16b) and said movable section 
(20); 

one or more piezoelectric/electrostrictive ele- 
ments (24a, 24b) arranged on at least one thin 
plate section (1 6a, 1 6b) of said pair of thin plate 
sections (16a, 16b); and 
a hole (12) formed by both inner walls of said 
pair of thin plate sections (16a, 16b). an inner 
wall (20a) of said movable section (20), and an 
inner wall (22a) of said fixation section (22), 
wherein: 

a part of said inner wall (20a) of said movable 
section (20) is expanded in said hole (12), 

5. The piezoelectric/electrostrictive device according 
to any one of claims 1 to 4, wherein said movable 
section (20) has a main movable section body and 



I 



35 



40 



45 



50 



55 



a portion which is provided for at least one surface 
(20b) of said main movable section body and which 
has an areal size larger than that of the main mov- 
able section body. 

The piezoelectric/electrostrictive device according 
to any one of claims 1 to 5, wherein said thin plate 
sections (16a, 16b), said movable section (20). and 
said fixation section (22) are composed of a ceramic 
substrate (14C) obtained by being integrated into 
one unit by simultaneously sintering a ceramic 
green laminate (58) and cutting off unnecessary 
portions. 

The piezoelectric/electrostrictive device according 
to claim 6, wherein said piezoelectric/electrostric- 
tive element (24a, 24b) has a film-shaped configu- 
ration, and it is integrated with said ceramic sub- 
strate (14C) by means of sintering. 

The piezoelectric/electrostrictive device according 
to any one of claims 1 to 7, wherein said piezoelec- 
tric/electrostrictive element (24a, 24b) has a piezo- 
electric/electrostrictive layer (26) and a pair of elec- 
trodes (28, 30) formed on said piezoelectric/elec- 
trostrictive layer (26). 

The piezoelectric/electrostrictive device according 
to any one of claims 1 to 8, wherein said piezoelec- 
tric/electrostrictive element (24a, 24b) has a piezo- 
electric/electrostrictive layer (26) and a pair of elec- 
trodes (28, 30) formed on both sides of said piezo- 
electric/electrostrictive layer (26), and one elec- 
trode (28) of said pair of electrodes (28, 30) is 
formed on at least said thin plate section (16a, 16b). 

The piezoelectric/electrostrictive device according 
to claim 8 or 9, wherein said piezoelectric/electros- 
trictive element (24a, 24b) is constructed in a 
stacked form comprising a plurality of said piezoe- 
lectric/electrostrictive layers (26) and said elec- 
trodes (28, 30). 

11. The piezoelectric/electrostrictive device according 
to any one of claims 1 to 10, wherein said hole (12) 
is filled with a gel material. 

12. A method for producing a piezoelectric/electrostric- 
tive device comprising: 

a pair of mutually opposing thin plate sections 
(16a, 16b), a movable section (20), and a fixa- 
tion section (22) for supporting said thin plate 
sections (16a, 16b) and said movable section 
(20); 

one or more piezoelectric/electrostrictive ele- 
ments (24a, 24b) arranged on at ieast one thin 
plate section (1 6a, 1 6b) of said pair of thin plate 
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sections (16a, 16b); and 
a hole (12) formed by both inner walls of said 
pair of ihin plate sections (16a, 1 6b), an inner 
wall (20a) of said movable section (20), and an 
inner wall (22a) of said fixation section (22). 5 
said method comprising: 
a step of forming said movable section (20) 
having a cutout (36) by cutting off a predeter- 
mined part after producing at least said piezo- 
electric/electrostrictive element (24a, 24b) on 10 
said thin plate section (16a, 1 6b). 

13. A method for producing a piezoelectric/electrostric- 
tivo device comprising: 

15 

a pair of mutually opposing thin plate sections 
(16a, 16b), a movable section (20), and a fixa- 
tion section (22) for supporting said thin plate 
sections (1 6a, 16b) and said movable section 
(20); 20 
one or more piezoelectric/electrostrictive ele- 
ments (24a, 24b) arranged on at least one thin 
plate section (1 6a, 1 6b) of said pair of thin plate 
sections (16a, 16b); and 

a hole (12) formed by both inner walls of said 25 
pair of thin plate sections (16a, 16b), an inner 
wall (20a) of said movable section (20), and an 
inner wall (22a) of said fixation section (22); 
said method comprising: 

a step of producing a ceramic laminate (60) by 30 
integrally sintering a ceramic green laminate 
(58) including at least a ceramic green sheet 
(50A to SOD) having a window (54) for forming 
at least said hole (12) thereafter and ceramic 
green sheets (52A, 52B) to be formed into said 35 
thin plate sections (16a, 1 6b) thereafter to pro- 
duce said ceramic laminate (60); 
a step of forming said piezoelectric/electrostric- 
tive element (24a, 24b) on an outer surface of 
a portion of said ceramic laminate (60) to be 40 
formed into said thin plate section (16a, 16b); 
and 

a cutoff step of forming said movable section 
(20) having at least a cutout (36) by means of 
at least one time of cutoff treatment for said ce- 45 
ramie laminate (60) formed with said piezoelec- 
tric/electrostrictive element (24a, 24b). 

4. The method for producing said piezoelectric/elec- 
trostrictive device according to claim 13, wherein: so 

in said step of producing said ceramic laminate, 
said ceramic laminate (60) is produced by inte- 
grally sintering a ceramic green laminate (58) 
including a ceramic green sheet (50A to SOD) 55 
having a window (56) for forming said movable 
section (20) having at least said cutout (36), 



be formed into said thin plate sections (16a, 
16b) thereafter to produce said ceramic lami- 
nate (60); and 

in said cutoff step, said movable section (20) 
having at least said cutout (36) is formed by 
means of said cutoff treatment for said ceramic 
laminate (60) formed with said piezoelectric/ 
electrostrictive element (24a. 24b). 

15. The method for producing said piezoelectric/elec- 
trostrictive device according to any one of claims 1 2 
to 14, wherein said cutout (36) includes a hollow 
section and/or a through-hole provided for said 
movable section (20). 

16. A method for producing a piezoelectric/electrostric- 
tive device comprising: 

a pair of mutually opposing thin plate sections 
(16a, 16b), a movable section (20), and a fixa- 
tion section (22) for supporting said thin plate 
sections (1 6a, 1 6b) and said movable section 
(20); 

one or more piezoelectric/electrostrictive ele- 
ments (24a, 24b) arranged on at least one thin 
plate section ( 1 6a, 1 6b) of said pair of thin plate 
sections (16a, 16b); and 
a hole (12) formed by both inner walls of said 
pair of thin plate sections (16a, 16b), an inner 
wall (20a) of said movable section (20), and an 
inner wall (22a) of said fixation section (22). 
said method comprising: 
a step of forming said movable section (20) 
having an expanded section (110) expanded in 
said hole (12) by cutting off a predetermined 
part after producing at least said piezoelectric/ 
electrostrictivQ element (24a, 24b) on said thin 
plate section (16a, 16b). 

17. A method for producing a piezoelectric/electrostric- 
tive device comprising: 

a pair of mutually opposing thin plate sections 
(16a, 16b), a movable section (20), and a fixa- 
tion section (22) for supporting said thin plate 
sections (16a, 16b) and said movable section 
(20); 

one or more piezoelectric/electrostrictive ele- 
ments (24a, 24b) arranged on at least one thin 
plate section (1 6a, 1 6b) of said pair of thin plate 
sections (16a, 16b); and 
a hole (12) formed by both inner walls of said 
pair of thin plate sections (16a, 16b), an inner 
wall (20a) of said movable section (20), and an 
inner wall (22a) of said fixation section (22); 
said method comprising: 
a step of producing a ceramic laminate (60) by 
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(58) including at least a ceramic green sheet 
(50A to SOD) having a window (54) for forming 
at least said hole (12) thereafter and ceramic 
green sheets (52A, 52B) to be formed into said 
thin plate sections ( 1 6a, 1 6b) thereafter to pro- 5 
duce said ceramic laminate (60); 
a step of forming said piezoeiectric/electrostric- 
tive element (24a, 24b) on an outer surface of 
a portion of said ceramic laminate (60) to be 
formed into said thin plate section (16a, 16b); '0 
and 

a cutoff step of forming said movable section 
(20) having at least an expanded section (110) 
expanded in said hole (12) by means of at least 
one time of cutoff treatment for said ceramic '5 
laminate (60) formed with said piezoelectric/ 
electrostrictive element (24a, 24b). 

18. The method for producing said piezoelectric/elec- 
trostrictive device according to claim 1 7, wherein: 

in said step of producing said ceramic laminate, 
said ceramic laminate (60) is produced by inte- 
grally sintering a ceramic green laminate (58) 
including a ceramic green sheet (11 6A, 116B) 25 
having a window (1 1 4) for forming said movable 
section (20) formed with at least said expanded 
section (110). and said ceramic green sheets 
(52A, 52B) to be formed into said thin plate sec- 
tions (16a, 16b) thereafter to produce said ce- zo 
ramie laminate (60); and 
in said cutoff step, said movable section (20) 
having at least said expanded section (110) is 
formed by means of said cutoff treatment for 
said ceramic laminate (60) formed with said pi- 35 
ezoelectric/electrostrictivQ element (24a, 24b). 

19. The method for producing said piezoelectric/eiec- 
trostrictive device according to any one of claims 1 3 

to 18, wherein in said cutoff step, said hole (12) is *o 
exposed by means of said cutoff treatment for said 
ceramic laminate (60). 
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